


YOU'RE LOST WITHOUT IT 
Whether you're trying to find 

your way to an unfamiliar location 
or need assistance in an emergency, 
ICOM mobiles help ou find your 
way. ICOMb dependhle  mobiles 
steer you to a friendly voice or a 
helping hand. 

Most Po ular Mobiles. 
ICO d 's i ~ o u u l a r  mobiles 

include the 2'-meter IC-2HA and 
I C - 2 8 H ,  220MHz I C - 3 8 A ,  
440MHz IC-4XA and 2-meter/ 
70cm dual band I C - 3 2 0 0 A .  

Options. 
Options include the U'T-28 dig- 

ital coded squelch, SP-I0 speaker, 
HS-l5,'HS-l5SR boom mic and P T T  
switchbox and PS-45 AC power 
supply. 

ICOM Mobiles. 
1)on't I)(# lost without them. 

Find them 211  your local ICOM 
dealer. 

"I feel any company willing to build radios 
as survivable as my IC.28A deserves my 
ham radio dollars. . ." 

V ? I ~  Star. AHBGJ 

21 Memories. i %,. 1.00t~aI storm in rhch he was 8nstrumenlal n 
1, c -PYUF 01 s l ranm reridenls Kahulul Hawas! 

Stortb frequency, offset and 
tone, with an offset check button IC.32wA 

on the front panel. The  IC-3200A 
features 10 fully tunable memories. 

Packet Perfect. 
The  IC-28/'38/48 series includes 

a high speed microprocessor and 
switching circuit for superb packet- 

IC.28A and IC.28H ingl Rx 138-li4MHz 

Top Features. Tx 1401-150WHz 

I-;and and Memory Scanning 
Compact Size 
All Sub;~udible Tones Built-In 
Racklit 1-CI) Readout with 
I hmmcr 
DTMF Mic Included 

ICOM 
ICOM America, Inc. 

2380 116th Avenue N.E.. Bellevue. WA 98004. Customer Service Hotline (206) 454-7619 
3150 Prern~er Drlve. Su~le 126, l w ~ n  . TX 75063 1777 Phoen~x Parkway. Suite 201. Allanla. GA 30349 
ICOM CANADA. A D~vlslon of I C O ~  Arner~ca, lnc. 3071 - 85 Road. Vnlt 9. R~chrnond. 8 C V6X 2T4 
All stated spclflcatlona sub]ecl to change wllhout notlce or obllgallon. All iCOM radlos slgnlflcantly exceed 
FCC ~gulations llrnltlng spurlous mlsslons. MoblleslOB. 



THE ALL NEW PRIVATE PATCH IV BY CSI HAS MORE 
COMMUNICATIONS POWER THAN EVER BEFORE 

Initiate phone calls from your HT or mobile 
Receive incoming phone calls 

, . c . N 1  * Telephone initiated control. . . . - 
Operate your base station with complete control from any telephone - Change frequencies from the controlling telephone - Selectively call mobiles using regenerated DTMF from any telephone - Eavesdrop the channel from any telephone 

, - Use as a wire remote using ordinary dial up lines and a 
speaker phone as a control head. 

DIAL ACCESS REMOTE/INTERCONNECT 1 
' l l  Private Patch SZL .C jl/ . . o h % - - .  

" I ~ A G  < & <  c,,+ 0 6 . .  II 
b 

"I c = . 5 ..... 1 . \ .  .,., ,.. 
i 

The new telephone initiated control , NEW FTYATIJRE Connects to  MIC and ext. 
capabilities are awesome. Imagine speaker jack on any radio. Or 
having full use and full control of ,, * :! , , , ,  ; , ' ,  5 ,  ,I ,,I,lI. . : (11 ,I.,)r> connect internally if desired. 
your base station radio operating , ,,, Can be connected to any HT. 
straight simplex or through any re- , , ,  , , , . . , ! l l ,  lr; (Even those with a two wire inter- 
peater from any telephone! From . ; ~ ~ ~ l , . , ?  , I ,  i l l  , ,  face.) 
your desk at the office, from a pay . . , , I ; . ,  '.~. , I , , .  Can be operated simplex, 
phone, from a hotel room, etc. You 
can even change the operating - . I . . i  I I- ' , '1, 

through a repeater from a base 
. , , . , . , l.llllll I 

station or connected directly to 
channel from the touchpad! a repeater for semi-duplex opera- 

:, [II I I I< I I .~  , !  , ( ; ! : # ~ '  i 
Our digital VOX processor flips your . !- Ilji,lll , , ,  tion. 
conversation back and forth fully 20 minutes typical connect time 
automatically. There are no buttons "" '"I", " " " "  Made in U.S.A. , 

to  press as in  phone remote ' rilli" ' I 1 [  I " '  

devices. And you are in full control , -  1,-1. : . ' ~ r ~ r l ' .  ! I I \ ! '  ' : . ' "  ' ' " 1 1 ' '  ' 1  

100% of the time! , ~),..,,,,l,,~.l ,! . . !  1 ~ ~ ' ~ i r ~  - I ~ . ,  : . / ,  , I I I ~ I C ;  OPTIONS 

The new digital dialtone detector ' P " ~ ' ~ ' " "  1 .  l/2 second electronic voice delay 
will automatically disconnect Pri- , r ~ , ~ ~ , ~ , , , ~ ~  , : r \ , :  , ap!r.,,.,:".3~ m '  I '..: :!I ' ;  2. FCC registered coupler 
vate patch IV if you forget to send # I:.I-,\' , i~ :. #. I ' , , I ,  I I I :  , '  ' 1 1 :  , '  3. CW ID chip 
(to remotely disconnect) before - ' , ' . 1 1 ~ ~ '  1::s .;..: i .  . 
hanging up. This powerful feature ,, II,:(.,I.,,:~I, : , I  , 8  : ; ~ ~ I ~ J ~ * ~  

will prevent embarassing lock-ups. . - I , ,  . . '  1 , .  ' . 

The importance of telephone in- . ! , I  1 '  1 ' '  , 8 . '  

itiated control for emergency or - ':,.~r. ! . . : I t  8 '.' r '  l * ~ . ? '  ' , ' ! ! ' I  ' 1  

disaster communicationscannot be :, : :  : , : .  - , . ,  i i . , ~  , .  . . I  ..-,..*:I:(,,-, 

overstated. Private Patch IV gives .,.., ; , , ,  , , ,  , , , , i  , I ,  ,+I;-,' 1 # I L >  

LlFz?!T. 
CONNECT SYSTEMS INC. 

you full useof the radio system from 23731 Madison St. 
any telephone. And of course you Torrance CA 90505 
have full use of the telephone Phone: (21 3) 373-6803 
system from any mobile or HT! 

TO get the complete story on the AMATEUR ELECTRONIC SUPPLY HENRY RADIO OMNl ELECTRONICS 
Milwaukee WI. W ~ c k l ~ l l ~  OH. Los Angeles CA Laredo TX 

powerful new Private Patch IV con- ~;~;d,",,:LN",'ea'~afe~ FL. INTERNATIONAL RADIO SYSTEMS PACE ENGINEERING 
Mlam, FL Tucson AZ tact your dealer or CSI to receive BARRY ELECTRONICS CORP. JUNS New Yolk NY THE HAM STATION 

your free four page brochure. EGE. Inc. Culver city CA Evansv!lle IN 
Waodbrldge VA MADISON ELECTRONICS SUPPLY WESTCOM 

H n ~ s l o n  TX San Malcos CA 
Private Patch IV will be ERICKSON COMMUNICATIONS MIAMI RADIO CENTER CORP. CANADA: 
important investment in commun- Ch~caqo IL M~arn! FL CARTEL ELECTRONIC 

HAM RADIO OUTLET MIKES ELECTRONICS DISTRIBUTORS ications. AnahPam CA. Burlngame CA FI Lauderdale. Mfaml FL So1rvy B C 
Oakland CA. Phoenix AZ 
San ~ l s q o  CA. van NUYS CA. ''0 DISTRIBUTING COUP. COM.WEST RADIO SYSTEMS. LTD. 

fl 215 Mlarnl FL V,mr oouer B C 
Allanla GA 



Double Vision ,-, 

. , F ,, , .., , . . ,. , . , ., ,; ..: r.. 

The Kenwood TM-721A re-defines 
the original Kenwood "Dual Bander" 
concept.The wide range of innova- 
tive features includes a dual channel 
watch function,selectablefull duplex 
operation, 30 memory channels, 
extended frequency coverage, large 
multi-color dual digital LCD displays, 
programmable scanning, and more 
with 45 watts of output on VHFand 
35 watts on UHF. TM-721A-Truly the 
finest full- featured FM Dual Band 
mobile transceiver! 

., . ,  ,., ; I ,  * . - ,  ' ,,,.. . , ;  

' - 1  - r .  Approx. 5 watts low power. 
a ,; , ' . . .. . ,  ' , 3 .  Aspec~al 

memory channel for eac:h baritl stores 
frequency, cltfset. and sub-tone of your 
favor~te channel. Slniply press the CALL 
key, and your favorrte channel IS selected1 . *. , ., ,.,- ~ , I ,  , r.' , - , -, r~ ,,,,. , : c: .-: , 
Aulorriattcally cliariges between rnaln 
and sub-band when a s~gnal IS present. 

.> -.:,,>' ,., 3 : r  1 r ,, ,~,I!,,-.,, , . : ~ . t r  

1 ,  ' ( -  , .. ,>, ,. , , , , , ; a , , , > < . ,  , , ; , ,  

. . - r  f. . ~ ,  , , , , .  I , . , < , ) , ! , .  
:. .,,. :. , , :  or UPIDWN keys on 
rnlcro~hone. (Encode bu~ l t -~n .  oot~onal 

< l ' . , .  1 7 ,  ,>,,,%. ; , I . .  . - , . . , 7 3 , - , . . 5 :  , , I , , -  t;; m , ,  

,~ ,-,,>,., . , . .,.~. ..,- ,,., .,, , ,- ; .?, ;p~, ~. 

I . , ,  1 : , . n r r  ; - 8  , > . ) T \  L,,,,:, L7 

n I-,,, ) ; > .  , ,  . , :.. ; &.,. t,,,L ,; , r > , < ! ,  ,!,. :,q;,,-. 

{, ? . , , ,  : * ,  ,,~, ' , - , , , , : I )  ,r,l'. 

li ' , , . . !  , . I  ! ;,,->-r.1 r , , [ > i r - \ '  

. , < ,  ' ,.. , 
a 7 !.~?,, , . ! . , . , , , I  

e '; L ,-.,, T I  ? I r  c,, - l ~ , , - l , ~ l ~ r . r !  

F I . - , : . , < ,  r ;  :,.,,,,:! . < ,;pt7,-1 n;,,,,,, 

I , .r; , , ,, 

. , , , , . . i .  

* - . , I ,  . ( ,  ., , <. , .,-,. , , c  16-key DTMF 
hand nitc., rnounttng bracket. DC cable. 

' "  (138000- TSU-6 needed lor decotle I ' 
173.995 MHz) on 2 meters: 70 cni cover- . I , ,,.,, ~ , , .  , ,  ,,.,: 

: . 8 .  . . .  . ,' , .'. .. , ;,,, . - I '  n,..i,:.. : 
. I  / .  . ( .  , : . , I  . . : I I , ,  ;,,., g .  ,,,, ,,, #..,!,,,. 

age IS 438.000-449.995 MHI. (Spectfb ,, : . .  . ,,, I , , . .  . .,,... , ., . )I  . ,  . , . , .,, . ,  I ,,,. , .  
cations guaranteed on Amatell[ bands 
only. Two meter transm~t range IS 144-148 , 
MHz. Mod~f~able for MARSICAP Perrlllls 
required.) 

' 4  , . . , , , ,  i ,  : . . I ,  

14 memory channels and one call 
channel for each band store frequency. 
repeater offset. CTCSS, and reverse. 
Channels "A" and "b"establ~sh upper 
and lower llmrts for progratnriiable band 
scan. Channels " C  and "d" store trans~~irt 
and recetve frequenc~es ~ndependently .- 
for "odd spltts:' 

Cr~rri[~ncl n i o h ~ l ~  s(~tr;~kor . SP-SOB Ileh~xe 
RC-10 Multi-funcl~on handselirr~mc~le 111o1)1lc .;penkw ,. PG-2N I)[: t ;IIII$, - PG-3B 

c(~rilroller PS-430 POWE! sttpply TSU-6 DC llnr nolsv fllle~ MC-BOA, MC-80, 
CTCSS tlecode uri~l - SW-100B Coni[,;~r.l MC-85 Bast !ilal~on ~ I I I I : ~  MA-4000 Dual 
SWR/power/voll nieter SW-200B D~,ltrxc 

KENWOOD 
t,.lnc! rilob~le ;tn\t:rlri;~ crrlounl 1 1 0 1  s~rl~ll l~ed) KENWOOD U.S.A. CORPORATION 

SWRIpower meter . SWT-1 2111 :1111criri:i MB-11 Moh~lfj hr;r .kc1 . MC-43s UIJIDWN 7301 1 Dom~ngue~ St.. Long Beach,CA!40810 
Irl:ier SWT-2 70 cnl ,1n11:11n;1 lurl~?! SP-40 I1; i r r~ l  Inrc: - MC-48B 16 k1.v I l l  P,lI Ir,~nrl 11111 P O  Hox 7774'r. Lonq Beach. CA 90.301 5745 
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I was just dreaming the other day. 
Ya know, a big push is being made to  get Novices on 220 MHz. Thousands of dollars are being 

spent on promotional campaigns, training programs, and the like. Volunteer instructors, the heroes 
of Amateur Radio, have missed countless meals, sleep, and other obligations to bring the message 
of Amateur Radio to  potential new Novices. 

As I turn the pages of Amateur magazines from around the world, I see numerous examples of 
some of the finest solid-state engineering ever done - hf, VHF, UHF and above; multiband, multi- 
mode - everything. 
But ... 

In this age of Novice enhancement, to get on 2 and 1.35 meters, you need to buy two different radios. 
Why? 

For years, radios have been available that cover both 2 and .75 meters. Technically it is relatively 
easy to  do: divide by 3 (440 MHz13 = 146.67 MHz). A simple tripler circuit in the PLL and a few 
rf deck modifications and you're ready to go. While in many areas .75 meters is a very useful band, 
up here in the hinterlands repeater coverage is spotty at best. I tried a multiband radio for a while 
but 440 really did little for me. On the other hand, 1.35 meters has very interesting possibilities. Coverage 
is more like 2 meters and there are several very good 220-MHz machines in the area. 

With all the advances in solid-state design, it really shouldn't be too hard to come up with a single 
box to  cover both 2 and 1.35 meters. The tricky part will be engineering the PLL. My  guess is that 
the rf deck would be relatively straightforward and easy to  build. However, I will leave that to  the 
experts. 

Besides tapping a potentially large market, this new radio would stimulate additional activity on 
both bands and, through increased usage on 220 MHz, help Novices join in the mainstream of Amateur 
activity. 

W e  have a responsibility to ensure that Novices learn to  be the good hams we want them to  be. 
All too often it has been said that giving Novices 1.35 meter privileges does not enhance the Amateur 
licensing one bit. Wrong. Novices are using their voice privileges daily around the United States. 
It has already been shown that they can be integrated into a broader spectrum of Amateur frequen- 
cies without a major disruption in overall operation. 

How about it, manufacturers? Can you do it? You'll sell a lot of radios and get more of us on 220 
MHz. It's a win-win situation. 

What do you readers think? I'm very interested. Let me know. 

J. Craig Clark, N lACH 
Assistant Publisher 

4 March 1988 



Affordable DX-ing! 
TS-140s M. CH/VFO CH sub-dial. 10 kHz step 

turilriy for qulck QSY ; I [  VlbO mode, and 
UPIDOWN memory channel for easy 

HF transceiver with general operatton. 
coverage receiver. Selectable full (OSK) or semi 

Compact, easy-to-use, full of oper- break-in CW. 

ating enhancements, and feature 31 memory channels. Store fre- 

packed.These words describe the quency, mode and CWwidelnarrow 

new TS-140s HF transceiver. Setting selection. Spl~t frequenctes may be 

the pace once again, Kenwood intro- stored In 10 channels for repealer 

duces new innovations in the world operat~on. 

of "look-alike" transceivers! 
RF power output control. 

New Feature! Programmable band . AMTOR/PACKETcompatible! 
Covers all HF Amateur bands with marker. Useful lor :,tny~ng wltti~n th~: . ~ ~ i 1 t - i ~  vox circuit. 
100 W output. (;(:II(:I;II c:ov~:r;~ge re- Ihrn~ts of your ham license. For con- * MC-43s UPlDOWN mic. included. 
c:i:~vr:r tllricis Iron1 50 kHz lo 35 MHz. teslers, program in the suggesled 
~ ~ ; ~ ~ c ~ ~ t v c ~ r  c , ~ ~ ~ ~ ~ ~ ~ l ~ i ~ i ~ ~ r ~ t ~ ~ .  ! ] ~ ~ ~ ~ t i r t i l t ~ i ~ < J  1rr)111 Optional Accessories: 

:.oo kt  I, 10 ,XI MI I, i Mod~f~able for HF 
frequencies prevent ORM AT-130 I ,,nip;~':l ;Inti.till.l tuner AT-250 auto 
participants. m.,rl, .~tltonn;~ IUIICI HS-SIHS-61~s-7 tii?;ld- MARS operation, i I1~roii i  r i ~ r i ~ ~ ~ r i - i l ~  Famous Kenwood interference ptic:nr.,, IF-232cllF-1oC r!!r~iput~!r ~r~l i?r lace 

All modes built-in. LSB. USB.Ch! FM reducing circuits. IF shift,dual noise MA-5/VP-I Ht ~ r i o i ~ ~ l t -  ,rntennn 15 hnnrls\ 

and AM. blankers, RIT, R F  attenuator, selectable MB-430 rn~r l>~ l~ .  I>r;t, kt21 MC-43s <?ma 
LJI .  1C1Wl.l hand liilr MC-55 18 j r l r l l  got~sr! n ~ r k  
m i i l i ~ l f ~  nrtr: MC-60AIMC-801MC-85 cli,.;k nit, !, 
PG-2s cxlr:, IJC i .~ l~ l i .  PS-430 pc~wt*! suplily 
SP-40lSP-508 nwl11li. \ ~ ~ t ~ r k v ~ r ; .  SP-430 

rxt* , tn. l i  i[l,.;Ikt.r. SW-100AISW-200AISW-2000 
SWlil(lr,wt~~ n,i.lr:r~; TL-922A .' hW I'l i' tlnmr 
;IIIIIIIIIII~~ (1101 I n r  CW O:>k TU-8 CICSS IC.SI~P 0011 

YG-455C-1 500 II/ r l i , l ox r ,  I .W 11lt~r.YK-455C-1 

TS-680s , , . , 8 . I ,  .; ,., '1/, ,,!. ,,,, ,, 1,1,,t,1411 

All-mode multi-bander 
,,,!I I , > N I  , . I  ~!II,,I I ~ I W O I ~ ~ I I I ~ ~  ~1111s;tIl I i F  
~~I I~ ; I IW~I  :>,II~~I\ 11no w ~IIIIIIIII~ KENWOOD 

KENWOOD U.S.A. CORPORATION 
2701 F Dom~nglrez St.. Long Beach. CA 90810 
PO Box 27745. Long Beach, CA 90801-5745 



REFLECTIONS 

A Passionate Plea 
Whatsa matter? Haven't we supplied you with enough information on matching your transmitter to your 

antenna without having to put a full gallon and a half on the air while loading up? Must you have that 
last milliwatt going into your antenna system? Don't you hear the cries of anguish from 30 guys writhing 
in pain as they scramble to cut back on their gain controls after having fully advanced it for that extremely 
weak HL5? 

About once a year it seems necessary to remind a few of you that there are other ways to make certain 
that maximum power transfer occurs during operation, without having to first load up on the air. 

Let's take it in steps. First let's find that 50-ohm setting on your amplifier or exciter. This is where a 
dummy load comes in. There are several good commercial units available or you can make one with a 
50 or 100 watt noninductive resistor immersed in a gallon can of oil. Second, connect your transmitter 
or amplifier to this 50-ohm load (put a power meter in line if you happen to have one) that will take the 
power for at least a few seconds. Then adjust the tune and load controls until your output and other meter 
indications are what they should be for the given operating mode and tube ratings. Keep in mind that you 
don't want your SSB performance to suffer by trying to get out that last possible watt of power. Once 
you've determined the correct settings mark them with tape or crayon, or jot down the numbers off the 
apron of the knobs or mechanical readout for each band and segment that you intend to operate. 

Next, get or make a noise bridge. (We've had several good construction articles like "A Modern Noise 
Bridge", March 1983, page 50.) Set it for 50 ohms resistive and 0 ohms reactive - or whatever the charac- 
teristic impedance of your system is. Connect it to the coaxial output of the transmatch or antenna coupler 
(the one that's marked 'to the transmitter') and connect the other port of the bridge to your receiver (trans- 
ceiver). For heaven's sake, don't apply rf power from your transmitter unless you have stock in the noise 
bridge company. Adjust your antenna coupler until you hear minimum noise in the receiver. Mark down 
these settings and reconnect your transmitter to your antenna. You should be pretty darn close to match 
at this point. 

I can hear you muttering, "Why did the editor waste all this space on this subject? This is ham radio 
magazine and the majority of readers are technically sharp and know this and other matching procedures 
forwards and backwards." If this is true, why do I hear so many carriers in the extra and advanced portion 
of the bands? 

One more small point while I've got your attention: PLEASEask first to see if the frequency is occupied 
before starting a call - CQ, sked, or otherwise. It's possible that while you might not hear the DX station, 
others do and your bodacious signal will obliterate the weak signals. Recently a certain W2, hell-bent on 
working a particular contest, called probably 10 CQs in a row without raising any DX while right under- 
neath him an LU2, several JAs, and a Korean station were on. This occurred on 3799 and I'm sure he 
was oblivious to it. If he had bothered to ask, I can assure you that at least one DX'er would have apprised 
him of the situation. 

I could go on about leaving DX windows clear during contests for very weak signal work, unless of course 
you are the proverbial shooting fish in the barrel type, but I think you've heard enough from me for this 
issue. Just please be easy on your fellow ham's ears - those nerves just don't regenerate! 

Rich Rosen, K2RR 
Editor-in-Chief 

6 March 1988 
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Full-featured rnob~le transceiver 

The TM-321A comes wlth 16-key DTMFmlc. - 
A complete llne of accessories Is available for all models. 

KENWOD 
KENWOOD U.S.A. CORPORATION 

Cornolerr srSrvtce rnrlnurjls are avarlabl~ lor all Kenwood ~ranscenvers and most accessorres 2201 E D o r n l n g u e z  S t .  Long Beach. CA 90810 
S p ~ ~ l h ~ d l l ~ n ~  and prtcrs are sublecr lo clrenge wtlhool nolrce oroblrgalron PO BOX 22745 Long Beach. CA 90801-5745 



fledgc,d ~ t r c ~ ~ t h r r  niaps on y o t ~ r  printer. MFJ multimmode ~th~-rint.rrsting~~~pi(:t~~r(~s~~analw 
br  printc.d -- surli  a s  somr  news 
photographs from wirr srrvirrs.  

Any Epson graphic-s rompatiblr data contr prir~l(,r urill print a wealth o f in te r ra ing  
pir turrs  and maps. 

Automatic sync and  stop Irts you set 
i t  and Irav(. 11 for no hassle printing. 

-)*LO rn Y J  WLTI.YOOE DATA CONTROLLER You can savr  FAX pir turrs  and 
cONn.Illl.Lt WKFAX maps to disk i f  your tcrminal 

program Irls you savr  ASCll files to dlsk. 
@ Pictures and maps can h printed to 

e.. 
scr - rSr . r l  i r t  rc-nl tinic.nrJrom disk on IRM 

-. 11," - .,,...,.. anrl rnrnuatli~lrs with the MFJ-1284 

MFJ shatters the 6 mode barrier and the price barrier 
with the MFJ-1278 and gives you. .  . Packet, RTTY, 
ASCII, CW, WEFAX, SSTV and Contest Memory Keyer . . . 7 digital modes.. . for an affordable $249.95 

Amateur radio's newest multi-modr 
'data controller -- the  MFJ- 1278 - -  lets you 
join the fun on Packrt. KTTY. ASCII. 
CW. Weather FAX. SSTV and gives you a 
full featured Contest Mrmory Krvrr 
mode . . . you get 7 modes . . . lor a n  
affordable $249.95. 

Plus you grt high performance HFIVHFI 
CW modems. software srlectablr dual 
radio ports. precision tunlng indirator. 
32K RAM. AC power supply and more. 

You'll find it themost  userfriendly of 
a l l  mul~i-modes.  It's menu driven for easc 
o fuseandcommand driven for speed. 

A high resolution 2 0  LED tuning 
indirator lets you tune  In signals fast in 
a n y  mode. All you have to do is to crnter  
a single LED and yo11 're precisel!/ 1 uned 
in to within 1Offz -- and i t  shows you 
whirh way to tune! 

All you need to join the fun is a n  
MFJ- 1278. your rig and any  computer 
with aserial port and terminal program. 

You can use the MFJ Starter Pack to 
grt on the air instanfly. I t  includrs 
computrr  interfacing cable. terminal 
software and  friendly instructions. . . 
c.vrrvthing you neerl to grt on th r  air fast. 
Order MFJ-1282 (disk)lMFJ- 1283 ( tapr)  
for the C-641128 and VIC-20 or MFJ- 1284 
for the IBM or compatibic. $19.135 earh.  

Packet 
Packet gives you t h r  fastest and most 

reliablr erfor-free romm~rnications of 
any amateur digital modr. 

With MFJ's super clone of the industry 
standard - - t h e  TAPR TNC-2 -- you gel 
genuine TAPR softwarrlhardware plus 
nlorv .- not a "work-a-likr" imitation. 

Extensive tests published in Packet 
Rnrlio Magazine ("HF Modem Periorm- 
ancc Comparisons") provr the TAPR 
drsigncd niodcm used in the MFJ- 1278 
givcs brttc-r copy with proper DCD 
opt.rat ion under all test r d  conditions 
than the other modems tt.sted. 

Hardware DCD gives you more QSOs 
k r a u s r  you get reliable carrirr detrrtion- 
undrr  busy. noisy or weak conditions. 

A hardware HDLC gives you full 
duplex operation for satrllitc work o r  for 
us r  a s a  full duplex digipralrr. And. i t  
m a k r s  possiblr speeds In rxcessof 56K 
haud with a suitable rxternal modem. 

Good news for SYSOl's! Nrw soft ware 
lets thr  MFJ- 1278 perform flawlessly a s  a 
\hrORI.IIWA7MRL bulletin board TNC. 

Baudot RTTY 

baud. You can copy not only a m a t e u r  
H7TY h ~ t t  also press, turather a n d  other 
csxciting tru[pr. 

A high p~,rfnrmance modrrn lets you 
copy hc~th rnark and spare  for greatly 
improvrd ropy under adverse conditions. 
It rven tracks slightly drifting signals. 

You r a n  t ransniit both narrow and 
widr shifts. The widr shift is a standard 
8 5 0  tiz shift with marklspare tones of 
2 12512975 Hz. This lets you operalr  
MARS n r ~ d  s tandard  VHF FM H7TY. 

You get Imth the American Western 
Union and t hc- lnternatlonal CClTT 
charactrr sets. Autostart for unattended 
rrcrption and  selectablr "Diddle". 

A rrceivr NormallReversc software 
switch c.liniinatrs retuning and Unshift- 
On-Spare reduces errors under poor 
receiving conditions. 

ASCII 
You r a n  transmit and receive 7 bit 

ASCII using the same shifts and speeds 
a s  in the R7TY mode and  using the same 
high prrformance modem. You also get 
Autostart and selectable "Diddlr". 

PW u .. 
You get a Supr r  Morse Keyboard mode 

that lrts you send perfect CW effortlessly 
from 5 to 99 WPM, inrluding all prosigns 
-- it's tailor-madr for traffic handlers. 

A hugr  tvpr ahead buffer l r t s  you s rnd  
smooth CW cvcn ifyou "hunt and prrk". 

You r a n  store entire QSOs in t h r  
message mrmories, i f  you wanted to! 
Yo11 cvrrl link and repeat any mrSSagFs for 
autorniltir CQs and hearontng. Memories 
also work in KTTY and ASCII mndrs. 

A tone Modulated CC:W nlode turns  
yoltr L'ifFFMrlgirltoa CWtrans re iwr  for 

nrw fun nlodr. It's perfrct for 
transmitting rodc practire ovrr  VHF FM. 

A n  AFSK CW modr lrts you ID in CW. 
The (:W rcrcivr mode lrts you copy 

fro111 I 11) 99 WPM. Even with sloppy fists 
vo~l' l l  h r  surprised at the copv you'll get 
with its pnwrrh~l  built-in softwarr. 

You also get a random codr grnerator 
that'll hc.lp you ropy CW faster. 

Weather FAX 
You'll IxJasr i r~ated as you iualch 

WEFAS si<grlals blossom ir~to.f~tll 

Star t r r  I1;rrk 
You can Ir;lrlsnllt FAX pirturc..i rich1 

on t l~sk  and I I ; I V V  l'un vxcll;~nging anti 
rollrc.t ing I hem. 

Slow Scan TV 
The MFJ- 1278 introduces you to the 

exciting worltl ofslow s ran  TV. 
You'll not only enjoy rcreiving 

picturrs from thousands of SSTVers all- 
ovrr-thr.u,orld but you can send your 
own pir turrs  to them, too. 

You r a n  print slow s ran  TV pictureson 
any Epson graphicsrompatiblr printer. I f  
vou havr an  IRM PC or rompatihle you 
;-an print toscrrrn in near real t imror  
from disk with t h r  MFJ-1284Starter Pack. 

You can transmit slow srarl pirtures 
right offdisk .- there's no nerd to set up  
lights and a camera for a casual ronlact.  

You can saw* slow scan pictureson disk 
from over-thr-air QSOs if your terminal 
program lets you save ASCII flles. 

The MFJ- 1278 transmitsand receives 
8.5 .  12.24. and 36srcond blarkand white 
format SSTV pictures Using tuvo levels. 

Contest Memory Keyer 
Nothing bc,ars t h e  quick response o f a  

mt.n1or!/ kr.~/c-r during a hr,atc.rl contest. 
You'll srorc valuable contest points by 

roml)lrting QSOs so  fast you'll leave your 
conlprtitior~ t)chind. And you can snag 
rarr I)X by slipping in so  quickly you'll 
catch cvrryorlr by surprisr. 

You get iatnbir operation with dot- 
dash mrniorirs. self-rompleting dots and 
dashrs  and Jamprwf  sparing. 

Message memories let you store contest 
RS'i'. QTl I.  call, rig info -- rvrrvthing you 
uscd to r rprs t  ovrr  and over. You'll savr  
prrcious timc and  work more QSOs. 

You get autonlatir incrrmenring serial 
numbc>ring. In a ron t r s t  i t  can make the 
diffvrcnrr I,etwren winning and losing. 

A wright control l r tsyou penetrate 
QKM with a distinrtive signal o r  lets your 
transmitter send perfect sounding CW. 

More Features 
Turn on your MFJ- 1278 and i t  sets 

itsrll'to match yourromputer  baud rate. 
Selrrt  ynur oprrating modr and the 
rorrrr t  modrm is autoniaticallv selected. 

Plus.. . prlnting in all modes. 
thrrshold control for varying band 
conditions. tunt'-up command. lithium 
battrry backup. RS-232 and TTL level 
srrial ports, watch dog timrr. FSKand 
AFSK outputs. output lrvrl control. 
sp rakr r je rk  for bot h radio ports. test and 
ralibr:~tion snftu.arr. Z-ROat 4.9 MHz. 32K 
EI'KOM. and sorkcted ICs. FCC approved. 
9x I'/zx9'hinrht-s. 12VDCor 1 IOVAC. 

Get sours  today and join the fun crowd! 

FORYOURNEARESTDEALER 
or to order call toll free 

You can copy all shifts and all MFJ ENTERPRISES. INC. 
standard speeds inrluding 170.425 and H11x 494. Miss. Stall.. M S  39762 

800-647- 1800 
800 tiz shifts and s p r r d s  from 4 5  to 300 601 -323-5Hfi!l Telex: 5:3-45!K) MFJSTKV One Year Unconditional Guarantee 

MFJ . . . making quality affordable 
8 fa March 1988 ,, 216 



ized CW programs. You can imagine 
my disappointment when the program 

transmission beeper 
hits discordant notes 
Dear HR: 

Six pages for an end of transmission 
beeper? Not only are these things an- 
noying, but I would question their le- 
gality for use on hf. They certainly do 
not qualify as A l ,  A3, A4, A5, F3, F4 
or F5. They come closest to A2 (am- 
plitude tone modulated CW) since they 
convey information via an a-m 
tone ... no different than sending an 
amplitude modulated "K" for end of 
transmission. 

We have enough noise on our bands 
without encouraging bleep-bloops. 
What's wrong with just saying, 
"over?" 

Richard A. Nelson, WBBIKN, 
Fort Collins, Colorado 80524 

Dear Rich: 
I have a bone to pick with you, 

Rich. The January issue of harn radio, 
somehow conveys to me that your 
sense of priorities in the selection of 
articles to be printed in the magazine 
is all screwed up. 

Over the past few weeks, I have 
been playing around with various CW 
programs for my C-64. I was never 
pleased with the results. Being a rank 
novice at programming, I struggled to 

was not listed at the end of the article. 
Now I can appreciate your problem 

about space in the magazine. With 
your organization no longer providing 
mailing covers on the magazine, and 
with the magazine arriving tattered, 
torn and dog-eared, I can really empa- 
thize with you. So I was ready to let 
sleeping dogs lie, until I continued 
on through the issue and found the 
most useless waste of print in years 
in an article entitled "Build a QSO 
'Beeper"'. 

Now, really Rich, we need this sort 
of thing on the bands like we need 
another hole in the head. Can't you 
imagine what a crowded band like 20 
meters or 75 meters would sound like? 
It would remind me of trying to go to 
sleep on a hot night when all the crick- 
ets are chirping away. Once again I 
could forgive you for a lapse in good 
judgment, but not for wasting six good 
pages on the beeper article when you 
couldn't spare seven pages for a de- 
cent computer CW program! 

This sort of thing has put me on hold 
for a few weeks because I must now 
wait for a copy of the program from 
you or pay 8 bucks for a programmed 
disk. 

You must realize by now, that your 
readership is of a high caliber and will 
not put up for long with articles of this 

type. 
Tony Sivo, W2FJ 

Plainsboro, New Jersey 08536 

on the other hand ... 
Dear HR: 

Congratulations on your January 
1988 edition. Every article and item 
was crammed with information at just 

Dean LeMon. KROV sure is! Dean 
got active in Amateur Radio when 
he was 16 years old and earned his 
Extra Class license in less than four 
years! "It's a facinating hobby and a 
great way to meet all kinds of new 
people from all over the world." 

Dean has cerebral palsy and got 
started in Amateur Radio with help 
from the Courage HANDI-HAM 
System. The HANDI-HAM System 
is an international organization of 
able-bodied and disabled hams who 
help people with physical disabili- 
ties expand their world through 
Amateur Radio. The System 
matches students with one to one 
helpers, provides instruction mate- 
rial and support, and loans radio 
equipment. 

Isn't i t  time you got radioACTlVE 
with the Courage HANDI-HAM 
System? 

Call or write the Courage 
H A N D I - H A M  System 
WOZSW at Courage Cen- 
ter, 3915 Golden Valley 
Road, Golden Valley. Min- 
nesota 55422, phone (612) 
588-081 1. 

(jet the dashldot ratios and the word the right level for we non-engineers, 
spacings to my satisfaction. When all non-appliance operator Amateurs, and 
of a sudden as I was paging through hobbyists who still build, experiment, 
the recent issue of harn radio, I find an and improve our equipment. Hope you 
article that perhaps would give me can keep it up. 
what I sought a solution to the John Browning. Buena Park, CA 
rather "sloppy" sending of computer- 90620 
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high dynamic range mixing 
with the Si8901 

Extends intermod 

HFlVHF performance 

at lower drive 

The dynamic  range o f  a mixer IS intimately related 
to how well its intermodulation products are sup- 
pressed, how well the mixer can handle high-level sig- 
nals, and its overall noise figure. Whether a mixer 
offers conversion gain or loss is secondary to the 
benefits derived from a high dynamic range. In fact, 
conversion gain simply transfers the problems asso- 
ciated with dynamic range from the mixer to subse- 
quent amplifier stages. 

Until now, most mixers sporting a high dynamic 
range have required a correspondingly high local os- 
cillator drive, as shown in the performance compari- 
son in f ig.  1. The popular diode-ring double-balanced 
mixer (DBM), shown in f ig.  2, often requires the local 
oscillator power to exceed the signal compression level 
by at least 6 dB. 

The Siliconix Si8901 DBM ( f ig .  3) is a monolithic 
quad-MOSFET ring demodulator especially suited for 
hf and low VHF operation where, operating as a com- 
mutation (switching) mixer, i t  is capable of two-tone, 
third-order input intercepts exceeding + 37 dBm and 
a 2-dB signal overload compression and desensitiza- 
tion of + 30 dBM - all at a local oscillator drive level 

+ -  - 
' 0  5 10 I5 20 25 3 0  35 

POWER LOCAL O S C I L L 4 r O R  / + d a r n )  

fig. 1. Performance comparison of double-balanced 
mixers. 

of only + 17 dBm (50 mW) !  An  additional benefit of 
this low local oscillator drive results when, in combi- 
nation with the traditionally high interport isolation af- 
forded by DBM design, little re-radiated power exits 
the mixer through the signal port. 

The Si8901 is available in the hermetic TO-99 pack- 
age, suitable for full military applications, as well as 
in a surface-mount SO.14, which is useful for mod- 
ern industrial and Amateur applications where high dy- 
namic range is mandatory. 

theory of operation - 
conversion efficiency 

Unlike the diode-ring mixer, the commutation mixer 
relies on the switching action of the quad-MOSFET 
elements to effect mixing action. Consequently, the 
Si8901 is, essentially, a pair of switches reversing the 
phase of the signal at a rate determined by the local 
oscillator frequency. Ideally, we would expect little 
noise. Since the MOSFET exhibits a finite on-resis- 
tance, the conversion efficiency is expressed as a loss. 
This loss results from two related factors: first, the 
rDs(on) of the MOSFETs relative to both the signal 
and i-f impedances, and second, signal conversion to 
undesired frequencies. 

The effect of rDs(on) on both the signal and the i-f 
impedances (Rg and RL, respectively) may be derived 
from analysis of an equivalent circiuit ( f ig.  41, assuming 
the local oscillator drive is an idealized square wave. 
The term 4 /aZ  is the power function of the Fourier 
series of an idealized square-wave excitation. 

Conversion loss for an ideal mixer with the image 
and sum frequency (RF + LO) ports shorted may be 
expressed in terms of rds (on), Rg, and R L  as follows: 

If we let rDs(on) = 0 and resistively-terminate the im- 
age and sum frequency ports the minimum attainable 
conversion loss reduces to 

L.,. = 10 Log 4/72 dB (2) 

which computes to LC = -3.92 dB. In a practical sense 
we need to add 3.92 dB to the results of eqn. 1 or 
f ig .  5 to  obtain the true conversion loss. 

By Ed Oxner, KBGQJ, Applications Engineer, 
Siliconix Inc., Santa Clara, California 95054 
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Equation 1 plotted for various ratios of Ry, RL,  and 
ros(on) ( f ig .  5) illustrates how seriously the on- 
resistance of the MOSFETs affects the conversion 
loss. 

intermodulation distortion 
Unbalanced, single-balanced, and double-balanced 

mixers are distinquished by their ability to reject spu- 
rious frequency components selectively, as defined in 
table 1. In the majority of mixer applications, the most 

r c  

D 

fig. 2. Diode ring double-balanced mixer. 

- 

OR 
T 4 - I  

+ 4 v  

TO V" 

fig. 3. Prototype commutation double-balanced mixer. 

Table 1. A comparison of modulation products in single- 
and double-balanced mixers to  the sixth order. 

'OFF 

'ON 

; 'ON T 
; r p  1 

B 

single-balanced 

I - 
 ill h - b 

' - 1  
; v " I  I 
I 
I I . I +, 
I ' O F F  I 

double-balanced 

VL.,..,. 

I 

damaging intermodulation distortion products ( IMD) 
are those attributed to  odd order and, in particular, 
those identified as the third order (IMD3). 

Although the DBM outperforms the single-balanced 
mixer, a more serious source of intermodulation prod- 
ucts results when the local oscillator excitation departs 
from the idealized square wave. This phenomenon is 
easily recognized by a careful examination of fig. 6, 
which shows the effect of sinusoidal local oscillator 
voltage on varying transfer characteristics. Since op- 
timum IMD performance demands that the switches , of a commutation mixer operate in a 50-percent duty 
cycle (i.e., fully on and fully off for equal times), some 
offset voltage is necessary. 

I Walker1 has derived an expression showing the 
predicted improvement in the relative level of two- 
tone, third-order IMD as a function of the rise and fall 
times of the local oscillator waveform. 

where V, is the peak-to-peak local oscillator voltage 
V, is the peak signal voltage 
t, is the rise and fall time of V, 
c " ~ 0  is 2afL0 where fLo is the local oscillator fre- 

quency 
Equat ion 3 shows that by lowering R g  (which, in 

turn, decreases the magnitude of Vs) IMD perform- 
ance is improved. Likewise, increasing the local oscil- 
lator voltage, V,, improves IMD performance. Finally, 
if we can provide idealized square-wave excitation, we 
achieve the perfect mixer! Additionally, we see that 
low-side injection is more efficient than high-side in 
jection. 

Further justification for square-wave local oscillator 
drive is an additional fault of sinusoidal excitation. 
Whenever the exciting wave approaches zero cross- 

1 ing at half-period intervals, the FESs, in effect, lose 

, 
-' 
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Table 2. Comparison of ac gate voltage vs. local-oscillator Since the gate capacitance of the MOSFETs is volt- 
drive between a non-resonant/resonant tank with a load- age dependent, the reactance becomes dependent 
ed Q of 14 (150 MHz frequency). upon the impressed excitation voltage. To allow this 

condition would severely degrade the IMD perform- 
ance of the mixer. However, this reactive dependence 
on excitation voltage can be minimized using a com- 

their bias, and serious signal voltage overload results 
in severely degraded IMD performance. The effects 
of sinusoidal excitation on gate bias are easily seen 
in fig. 7 .  

power 

in 

(mW1 

10 

20 

30 

60 

building the mixer 
Based on the knowledge derived from eqn. 3, low 

source resistance, Rg, and high local oscillator exci- 
tation voltage, V,, are ideal conditions for a mixer. 
The Si8901, operating as the mixer switch, offers a 
typical on-resistance of approximately 23 ohms when 
excited by a gate potential of 15 volts. Using the popu- 
lar 4:1 i-f output transformer to a 50-ohm preamplifier, 
(RL/ros(on) - 81, fig. 5 suggests optimum conver- 
sion efficiency with an Rg of 92 ohms. This is con- 
tradicted in eqn. 3, which shows that optimum IMD 
performance results with the lowest possible V,. This 
result is achieved by lowering Rg. It now becomes 
clear that a performance tradeoff may be necessary. 
Either we seek low conversion loss, and with it a low 
noise figure, or aim for the highest IMD performance. 
Fortunately, as we seek high performance, the dynam- 
ic range will improve since a mismatched signal port 
has less effect upon the signal-to-noise performance 
than a matched signal port has upon IMD. 

non-resonant 

gate voltage 

(Vl 

0.20 

0.29 

0.33 

0.44 

establishing the gate drive 

resonant 

gate voltage 

(VI 

5.4 

7.7 

9.4 

13.3 

Using the conventional broadband, transmission- 
line transformer characteristic of the diode-ring DBM 
requires massive local oscillator drive to effect the re- 
quired gate voltage needed to satisfy eqn. 3. Earlier 
MOSFET commutation mixers required watts of local 
oscillator drive to achieve high dynamic range!2 

One obvious means of obtaining a high gate volt- 
age is to use a resonant gate drive. The voltage ap- 
pearing across the resonant tank, and thus on the 
gates, may be calculated as 

where P is the local oscillator power delivered to the 
resonant tank 

Q is the loaded Q of the resonant tank 
X is the reactance of the gate 
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fig. 5. Insertion LOSS as a function of rDS, RL, and Rg 
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fig. 6. Effect of sinusoidal local-oscillator waveform on 
i-f linearity. 
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fig. 7. First- and third-quadrant I-E characteristics show- 
ing effect of gate voltage leading to large-signal over- 
load distortion. 
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fig. 8. Influence of loaded Q on gate voltage vs. local- 
oscillator power. 

bination of gate and substrate biasing. As we saw in 
fig. 6, the offset gate bias helps to achieve the required 
50-percent duty cycle for optimum IMD performance. 

Table 2 and fig. 8 offer an interesting comparison 
between a resonant-gate drive with a loaded Q of 14 
and conventional drive using a 50 ohm to 200 ohm 
(100-0-100) 4.1 transformer. The full impact of a high- 
voltage gate drive can be seen in fig. 9, which shows 
close agreement between the calculated (eqn. 3) and 
the measured IMD. 

designing the mixer 
Achieving the low signal input impedance can be 

easily accomplished using the Mini-Circuits T I - IT  (1 :1) 
broadband transformer. Likewise, for the i-f output, 
the Mini-Circuits T4-1 (4: l )  does an excellent job. 

The principal effort is the resonant gate drive, which 
necessitates an accurate knowledge of the Si8901's 
total capacitive loading. The data sheet offers typically 
4.4 pF. To ensure good interport isolation, symmetry 
is critical. If this resonant tank is driven from an asym- 
metrical local oscillator source (coax), an unbalanced- 
to-balanced transformer ensures symmetry (see com- 
plete mixer schematic shown in fig. 3).  

performance of the Si8901 
commutation mixer 

The following tests were performed across the 
2-to-30 MHz hf band. 

conversion efficiency (loss) 
two-tone, third-order intercept point 
compression level 
desensitization level 
noise figure 

The conversion loss and input intercept point are 
plotted as a function of local oscillator drive power in 
fig. 10. 

The 2-dB compression and desensitization levels ap- 
pear to contradict what is normally expected based 

4 0  . 
CALCULATED IEO 1 4 )  

A MEASURED 

fLO - 15ounz 

P S I C .  OdBm 

9 0  
0 5 10 15 2 0  25 

GATE VOLTAGE ( V )  

fig. 9. Effect of gate voltage on I M D  performance. 

TWO-TONE.  THIRD-ORDER INTERCEPT POINT ( d B m ) l l N P u T l  

: g r : t r t M : U I  
0 0 

a a 

b a 

i g 

t a  

$ :: 

;: 
$ 2 0  i l l : "  

CONVERSION LOSS /dB)  

fig. 10 Intercept point and conversion loss. 

on the + 17-dBm local oscillator drive until we are 
reminded that the mixer's performance is based on 
gate voltage, not gate drive expressed as power. Both 
were measured at +30 dBm. The single-sideband 
noise figure was 7.95 dBm. 

If the design engineer follows the concepts suggest- 
ed in this note, the Siliconix Si8901 will provide the 
highest dynamic range of any comparable mixer cur- 
rently available. Achieving a high gate voltage using 
a resonant drive does not label the mixer as a narrow- 
band device. Tank tuning may be accomplished in a 
number of ways, such as electronic tuning using 
varactors. It is conceivable that the tank may be the 
output of an electronically tuned balanced local oscil- 
lator circuit. 
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Introducing the only mobiles that 
double as answervlg machines. 

Now you can stay in touch-even 
when you're away from your radio. 

Wit.h Yaesu's 2-met,er FT-212RH 
and 70-cm FT-il2RH, an optional, 
internal digital voice recorder 
serves as a convenient answering 
machine for you and your friends. 
And that's just t,he beginning! 

High performance mobiles. 
The YI1212Ktl fealurcs ~vidrhand 
receive coverage of 1:3X-l74 hl Hz 
(144-148 MHz 'k), while thc 
FT-il2RH covers 430-450 MHz. 
An oversize amber display includes 
an innovative photo-sensor which 
increases the display brightness 
during thedav.Thc function buttons 
arc! arranged in a chromatic rnnsi- 
cal scale-ideal for visunllv-imparcd 
operat,ors. You get. 45 watts outpnt 
on 2 mct,ers, 35 wat.ts on 70 cni. 

An autotlialcr DTMF microphone 
with 10 nienlories, each ready to 
store telephone nurnhers up t'o 22 
digits long. 

And, liktl our FT-211RH Series 
mobiles, yo~r'll enjoy surprisingly 
simple controls, yet highly sophisti- 
cated micropron,ssor-I)itsed f l ~ x -  
ihility. Including 18 memories that 
ston! frtxlu~ncy. offset, PL t,one, 
and PL mode (CTCSS unit, opt,ional). 
Rand or memory scanning. Offset, 
tuning from any memory channel. 
Memory channr!l lockout for scan- 
ning. High-low power swit,ch. 

All in an ar~iazingly small 
package, showm actual size below. 
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microphone. Anti YOII'\'P always 
got security because yo11 can com- 
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Visit your b s u  dealer today. 
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and FT71BRH niohiles. Thc only 
radios with t he power ti) keep you 
in t.ouch. illways. 

YAESU 
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Dynamite also generate c T c s s  and decode 

Discovery Tho-Tone Sequential. Its miniature 
size of 2.0" x 1.25" s .4" is no minor 

fact either. as itb a flawless companion 
Communications Specialists' latest for our PE-1000 Paging Encoder. We 
excavation brings to light yet another ensure one-day delivery and our one- 
dynamite discovery-our new dip switch plo- year standard warranty lhp the rich vein of 
grammable SD-1000. No need to tunnel your way Communications Specialists and unearth the 
through nYo-Tone Sequential decoding any- SD-1000 or other fine gems. 
more.'weVve mined this-amazing unit! Now, for 
the first time, you can stock one unit that will 
decode all calls in a 1000-call paging system with 
+ .2Hz crystal accuracy. The EEPROM on- 
board memory can even be programmed for cus- 
tom tones. and every unit includes group call. 
Universal switched outputs control your call 
light. squelch gate and horn. The SD-1000 can 
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provides new dimension 
in signal reception 

the IC-781 
ICOM's newest transceiver 

By J. Craig Clark,  J r . ,  Ads first appeared in February issues 
NIACH,  Assistant Publisher, of American Ham magazines. ICOM 
/?am radio. has also been showing the unit at var- 

ious dealers around the country in con- 
Rumors have been f ly ing for the junction with ICOM DAY promotions. 
past few months about a major new When I found that the new ICOM 
radio on the way from Japan. We've IC-781 was going to be at Hamtronics 
carefully watched the Japanese CQ in Trevose, PA, in early December, I 

Ham Radio, the largest ham radio 
magazine in the world, for a glimpse 
of this interesting new product. Little 
has slipped through - a whisper here, 
a hushed conversation there - snip- 
pets that when put together yield tan- 
talizingly little about what it actually is. 

By now, you know that ICOM has 
announced its new IC-781 transceiver. 

decided to get a hands-on demon- 
stration. 

A few days later, I found myself 
standing in front of the store in 
Trevose. Though it was still pretty 
early, a fair crowd had already arrived 
and was hovering around the IC-781. 
After making my way through the 
throng and introducing myself to the 

Hamtronics gang and Evelyn Garrison 
and Mike Vincent from ICOM, I got my 
first look at the radio. 

Let me give you an overview of the 
radio's unique features. While the price 
is rather steep, (about $7,000) one 
thing to remember is that an innova- 
tive radio like this has a trickle-down 
effect within the industry. If you look 
back about 20 years to the Signal One 
CX-7 (at the time a quantum leap in 
transceiver design) and compare it to 
today's state-of-the-art transceiver, 
you'll find plenty of parallels. The 
IC-781 will pave the way for many new 
features you'll want in your next radio. 

The first thing you notice about the 
IC-781 is its 5-inch CRT display set 
smack dab in the middle of the radio's 
front panel. Other than that, it bears 
a striking physical resemblance to 
ICOM's IC-761 transceiver. The unique 
feature of the IC-781 is that it contains 
a spectrum analyzer which gives you 
a picture of band occupancy and rela- 
tive signal strength in 100, 200, and 
400-kHz windows centered on your 
operating frequency. As with a con- 
ventional spectrum analyzer, frequen- 
cy is plotted on the horizontal axis and 
signal strength on the vertical. 

DXers will find this to be a boon in 
finding pileups as they scan the bands. 
Big wide blips will indicate hotbeds of 
activity. Contesters will no longer have 
to search up and down the band for 
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clear frequencies to set up a new run. 
Also, by looking at relative strengths 
of signals and finding out what areas 
of the world are coming in the best, 
you can determine if it's better to look 
for new multipliers or try to run them. 

The multi-function CRT displays 
VFO A and B frequencies, memory 
contents and, when connected to an 
external TU such as the Kantronics 
KAM, MFJ, or AEA PK-232, the de- 
modulated output of CW, RTTY or 
other digital modes. This eliminates the 
need for a bulky external monitor. 

But that's not all! In addition to the 
CRTdisplay features, the IC-781 also 
has a number of other interesting 
capabilities. 

For example, you can listen on both 
VFO frequencies simultaneously (while 
in the same band) and vary audio 
balance between each. Don't want to 
miss that rare DX station that's work- 
ing call zones? Tune the DX station on 
VFO B, turn the audio balance up 
enough so you can hear and keep 
track of his operation, tune VFO A to 
an open spot and call CQ. When the 
DX station gets to your call area, 
switch VFOs and call. Or, when you 
are working a split frequency pileup, 
adjust the audio balance between 
VFOs so you can keep track of both 
your transmit and receive frequencies. 
Too many stations calling on your 
transmit frequency? Slide up 500 Hz 
without losing track of the DX station 
and call again. It's that easy. 

Another innovation is the twin pass- 
band tuning chpability. You can tune 
- 

able TV Lr 
. . ..:. . .. . 

the second and third IF separately for 
double passband tuning or together as 
an IF shift. Sometimes you want that 
extra ability to reduce an interfering 
signal. The double passband control 
will give you this. 

Recognizing that in many cases 90 
to 110 watts power output is not 
enough to fully drive many of the am- 
plifiers now available, ICOM has in- 
creased the power output of the IC-781 
to a generous 150 watt level. This 
should be more than enough to drive 
grounded grid amplifiers to full legal 
output or provide that extra bit of sig- 
nal when running "barefoot". 

The IC-781 also comes with: built- 
in switching power supply, automatic 
"one-button" antenna tuner, keyboard 
frequency entry control, dual noise 
blanker with monolithic crystal filter, 
99 tunable memories, wide and narrow 
filters, and an internal iambic keyer at 
no additional cost. 

As you can see by looking at the 
photos, the IC-781 is a pretty complete 
radio. 
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P N  Rarmg Net Ea March PI 
MRF421 0 IOOW 52400 15300 
MRF422' 150W 36 00 78 00 
MRF454 A 0 BOW 14 50 32 00 
MRF455 A 0 LOW I 1  75 26 50 
MRF485' 15W 6 0 0  1600 
MRF492 0 9OW 1600  3500  
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2SC2879 0 IOOW 22 00 48 00 
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VHF UHF TRANSISTORS I Z V  
Ratlng MHz Nel  Ea Match Pr  

MRF245 BOW 136 174 27 50 61 00 
MRF247 75W 136 174 2600 58 00 
MRF248 BOW I 3 6  I74  33 00 71 00 
MRF64l l5W 407 512 1800 42 00 
MRF644 25W 407 512 21 00 46 00 
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516 00 MRF515 2 50 
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80 00 MRF1946A 1400 
ll 50 CD2545 16 00 
16 00 SDl278.l 17 75 
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2 70 2N4427 1 2 5  
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14 00 2N5590 10 00 
1500 2N5591 13 50 
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15 00 2SC2640 1500  
20 00 2SC264 1 16 00 
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Ouantily Prlclng Ava~lablc Fore~gn Orders Accepted 
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Orders recewed by I PM PST shipped UPS same day. 

Nest day UPS dellvery available 
ORDER DESK ONLY - NO TECHNICAL 

(800) 854-1927 
ORDER LINE and or TECH HELP 

1619) 744-0728 
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optimizing gain on Yagi antennas 

Examination of 

"short" boom Yagi 

reveals surprising results. 

In the recent past, Yagi antenna construction was 
as much folklore, superstition, and magic as it was 
science and engineering. For example, the guide- 
lines for constructing a Yagi antenna provided in the 
ARRL's 1980 Antenna Handbook' include a general 
table of ranges for "optimum" element spacing, 
but not a formula for determining optimum element 
lengths. Would an antenna built according to this data 
really be "optimum?" 

Computer modeling of Yagi antennas provides a 
means of answering this question by allowing us to 
examine the effects of element length and spacing per- 
turbation and by providing an efficient and repro- 
ducible means of calculating gain and pattern. Even 
with sorne major simplifying assumptions about ele- 
ment interactions and element self-impedance, the 
result of Yagi modeling predicts the results from the 
antenna test range.' Two previous papers examined 
the change in forward gain with different taper regi- 
mens - i.e., all directors the same length, all direc- 
tors getting shorter towards the front, all directors 
longer towards the f r ~ n t . ~ , ~  Although a taper regimen 
may offer a slight advantage, the difference is almost 
vanishingly small. For example, maximum gain on a 
3.44-wavelength boom Yagi with no director taper was 
15.601 dBi, and the maximum gain with an "optimum" 
director taper was 15.618 dBi.2 However, these previ- 
ous studies imposed a fixed geometric relationship be- 
tween the directors, although the only rationale for this 
is aesthetics. In his thesis work, Dr. Chen found that 
Yagi antennas maximized for forward gain smoothly 
converged to a single unique solution and, from his 
examples, director lengths had no apparent geomet- 
ric relation~hip.~ Thus, the question of maximizing gain 
by changing director size deserves a second look with- 
out the constraint of a fixed physical relationship be- 
tween director lengths. 

The purpose of this article is to examine Yagi galn 
performance under certain constraints: 

Maximum boom length will be limited to one wave- 
length, which is about the longest practical boom on 
15, 20 or 40 meters. 

Antennas will be optimized for maximum gain. By 
concentrating on antenna gain, front-to-back ratio and 
bandwidth are not considered. While both are impor- 
tant, both generally take away from forward gain. Our 
primary focus is: what is the maximum Yagi gain for 
a given boom length, and how much better is the 
optimized gain from where we started? 

procedure 
Antennas will be modeled in free space using the 

assumptions presented in the appendix. The basic 
antenna design is initially estimated using the general 
principles outlined in the ARRL's Antenna Handbook, 
with equal spacing between the elements. Initial 
parameters are: 

Element diameter: 0.001 wavelength (1 inch on 20 
meters) 

Reflector length: 0.51 wavelength 
Director lengths: 0.45 wavelength 
The reflector's length will be increased by 0.0025 

wavelength; the gain will again be calculated. If the 
forward gain improves by more than 0.01 dB, then that 
element will be incremented again in the same direc- 
tion. If forward gain does not improve, the element 
will be shortened until the gain starts falling off. Once 
the reflector is optimized for forward gain, the same 
procedure is applied to the directors in order, and then 
back to the reflector. This iteration is continued until 
no further gain improvement is noted for a complete 
cycle through all parasitic elements. Once the anten- 
na is optimized for forward gain using element per- 
turbation, this same procedure is applied for element 
spacings with the first and last element fixed at the 
ends of the boom. Table 1 presents the starting and 
final values after forward gain optimization for some 
representative examples. After optimizing an anten- 
na with equal element spacing, the same procedure 
is done for some antennas with unequal spacing. 

For a given boom length and element spacing, the 
element lengths were found to converge smoothly to 
the same final values and were independent of start- 
ing lengths. Element and boom lengths in the tables 
are presented in terms of wavelength, but for figs. 

By Dave Donnelly, KZISS, 8 Alder Street, Lin- 
coln Park, New Jersey 07035 
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fig. 1. Forward gain against boom length (feet) for differ- 
ent 20 meter antennas. Line 1, open squares, are the origi- 
nal antennas; line 2, filled sqares, is following forward 
gain optimization by perturbation of element lengths; 
line 3, filled triangles, is following element and spacing 
perturbation. Note area of relatively flat gain between 
boom lengths of 24 and 50 feet. 

figuration that increased to 7.2 to 8.6 with optimiza- 
tion. A gain increase of 0.15 dB over equal spacing 
was found with close spacing of the driven-reflector 
in the three element configuration. On longer booms 
(.34, .43, .52, .60 and .68 wavelength, 24, 30, 36, 42 
and 48 feet on 20 meters), configurations had between 
8.0-9.1 dBi forward gain before and 9.1-9.6 dBi after 
optimization. A 4 element configuration on a .34 wave- 
length boom was about 0.2 dB better than a 3 element 
configuration. 

Large antennas on booms of 0.77, 0.86, 0.95 and 
1.0 wavelength (54, 60, 66 and 72 feet on 20 meters) 
had 10.1-10.5 dBi. Following optimization these an- 
tennas had 10.5-10.8 dBi. 

Overall, the improvement in forward gain from the 
starting values was 0.7 (range: 0.3 to 1.53) dB, aver- 
aged over all the antennas, and usually came at the 
expense of front-to-back discrimination. In no case did 
the optimized antenna show any particular pattern in 
director taper - i.e., all elements getting shorter or 
longer. 

O n ~ e  an antenna is optirr~ized for forward gain using 
element perturbation, changing the element spacing 
resulted in only minor forward gain improvement. The 
only exception was with wide spaced antennas (i.e. > 
0.2 wavelengths) which work better with shorter ele- 
ment spacing between the reflector and driven 
elements. 

In general, gain optimized antennas had reflectors 
which were rather short (about 0.49 wavelength or t j 
30 ohms) and at least one director which was rather 
long (0.45-0.46 wavelength or - j  10 ohms). Since 
some parasitic elements are close to resonance, the 
optimized antennas would likely have a very limited 
bandwidth, and not adequately cover the CW and 
phone portions of the bands. 

For a given boom length, the maximum gain figure 
was independent of the number of elements or spac- 
ing, with a slight edge to antennas with a short spacing 
from driven element to reflector (about 0.2 dB). Of par- 
ticular interest is the relationship between maximum 
forward gain and boom length (fig. 1). The curve is 
not smooth, and shows a pronounced plateau after 
the 24-foot boom on 20 meters (0.35 wavelength) 
before again increasing with a 48-54-foot (0.76 wave- 
length) boom. 

12,  

1 .  - 

,I - - 
9 

- 
d 9 -  

8 - 
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1 and 2, the boom length is translated to a 20-meter 
antenna in order to provide a clearer sense of physi- discussion 
cal size. These results suggest two conclusions: 

Yagi antenna gain is basically only a function of 
results boom length. However, the increase in gain is not 

Two- and three-element antennas on a short boom smooth for boom lengths between 24 and 70 feet on 
(0.17 and 0.258 wavelength, 12 and 18 feet on 20 20 meters. Increasing the boom length from 24 to 48 
meters) showed 6.8- to 6.9-dBi gain in the initial con- feet increases the maximum gain by only 0.5 dB, while 

6 1 . , . ,  . , . , . , .  , . 1  
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fig. 2. Forward gain against boom length (feet) for differ- 
ent 20 meter antennas using different computer models. 
Line 1, open squares, are the original antennas modeled 
with MlNlNEC (20 match points per element, see Appen- 
dix for details); line 2. filled squares, is the peak forward 
gain data from L a w ~ o n ' . ~  for each boom length: line 3, 
filled triangles, is optimized forward gain antennas using 
MININEC. 



Table 1. Element length and spacing, forward gain and front-to-back ratio (at the end 
of the horizon) for two-eight elements with boom lengths between 0.172 to 1 wavelength 
(12 and 70 feet, respectively, on 20 meters). Row S shows the starting element length 
(wavelength] with a diameter of 0.0005 wavelength. The position of the element from 
the reflector end of the boom is given in parenthesis. R is the reflector, De is the driven 
element, D l  - D6 are the first through sixth directors. 

element length (boom position) 
D 1 

R D e D4 
S 0.510(0) 0.470(0.17) 
0 0.490(0) 0.470(0.17) 
S 0.50010) 0.47010 17) 0.45010 35) 
0 0.492(0) 0.479(0.15) 0.482(0.35) 
S 0.500(0) 0.470(0.11) 0.450(0.22) 
0 0.495(0) 0.470(0.101 0.442(0.251 
S 0.500(0) 0.47010.17) 0.45010.34) 
0 0.490(0) 0.470(0.15) 0.44710.361 
S 0.500(0) 0.470(0.15) 0.450(0.30) 
0 0.490(0) 0.470(0.15) 0.445(0.32) 
S 0.50010) 0.47010.17) 0.45010.35) 

0.450(0.86) 
0 0.492(0) 0.470(0.15) 0.427(0.34) 

0.455(0.861 
S 0.500(0) 0.47010.15) 0.45010.30) 

0.45OlO.74) 
0 0.517(0) 0.470(0.15) 0.467(0.30) 

0.443(0.74) 

gain (dB) 
6.87 
7.23 
8.07 
9.11 
8.43 
9.32 
8.96 
9.35 
9.12 
9.42 

increasing the boom length by another 12 feet ( to 60 
feet) offers a I -dB improvement. 
*If one starts with reasonable element lengths, the 
average improvement in gain that can be expected is 
about 0.7 dB. 

In other papers, Yagi gain was generally considered 
to be a smooth function of boom length. Bill Myers 
fit the NBS test range results to a curve and found 
good agreement for the function: Gain (dB) - 3 In 
(boom length) + 12 dBi." However, this was fit with 
data from boom lengths of 0.4 to 4.2 wavelength, and 
only two points at one wavelength or less. An exam- 
ination of the calculated gains from a previous article 
suggests a conclusion similar to the one drawn here 
(fig. 2, line 2). A datum point for this figure was the 
peak gain numbers from all of the frequency points 
and all the element configurations for a given boom 
length presented in references 8 and 9. Keep in mind 
that these were not gain optimized antennas. Here 
again, forward gain was not a smooth function of 
boom length, but also showed a plateau region above 
0.3 wavelength (24-foot boom on 20 meters). Al- 
though the plateau points don't correspond exactly to 
the lengths found in this paper, the phenomenon of 
nearly doubling boom length for 0.5 dB or less increase 
in gain is visible. 

If one accepts this staircase phenomenon in forward 
gain, one would conclude that the ideal place to sit 
is at the edge of the step. From the computer results 

presented here, a good choice would be an optimally 
tuned four-element Yagi on a 24-foot boom for 20 
meters. If you go to the effort of doubling the boom 
length to 48 feet, which probably requires a larger 
rotor, the forward gain may stay within 0.5 dB of the 
original antenna. Even if the boom length is expanded 
to 60 feet, the gain increase may only be 1.5 dB over 
the initial antenna. Is it worth the worry when the wind 
picks up? 

The rather small average difference in forward gain 
between the initial and optimized antennas is surpris- 
ing. The comments of Jim Lawson, W2PV, seem to 
be accurate and in order: "Yagi antennas 'want' to 
~ o r k . " ~  The gain of non-optimized antennas is usually 
within 1 dB or so of the maximum possible gain. This 
frees the designer to optimize for other factors such 
as pattern nulls or average front-to-back without major 
worry that the forward gain will be compromised. Fur- 
thermore, one should not expect great increases in for- 
ward gain through fine tuning of the antenna. This 
may limit motivation for running up and down the 
tower, and performing hundreds of "This is antenna 
one, this is antenna two. . ." tests. Similarly, there 
is no magic about any particular antenna configura- 
tion. Thus, a 20 meter Yagi on a 24 foot boom should 
work the same (within a dB) whether it is homemade 
or from a commercial manufacturer. 

In attempting to build actual antennas from data 
such as these, several factors must be kept in mind. 
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Although computer folks, myself included, tend to ex- 
press gain to the hundredth7 or thousandth dB,2 the 
simplifying assumptions probably invalidate such 
accuracy. For instance, other investigators have as- 
sumed a real value for the self-impedance of 73 ohms, 
2.6 while in reality, self-impedance varies between 50 
and 100 ohms, depending on element length and 
diameter. Therefore, some of the terms in the imped- 
ance matrix are perhaps 20 percent in error. And an 
assumption that mutual impedance (coupling) be- 
tween elements is independent of element length is 
probably only 90 percent accurate-shorter elements 
are less coupled. Nevertheless, despite these assump- 
tions, the computer results show good correspon- 
dence to test range results,' and many fine working 
antennas have been based on computer designs." A 
critical factor to keep in mind in implementing com- 
puter design data is constructing the same type ele- 
ment that was modeled; this is affected not only by 
element length, but also element diameter and physi- 
cal taper. Two other papers provide an excellent dis- 
cussion of this point.lO~ll 

conclusion 
Short antennas (with a 0.35-wavelength boom) can 

work very well, and it may not be cost effective to in- 
crease the boom size unless one goes almost two and 
a half to three times longer. Changing element lengths 
or element positions may provide a gain increase of 
about 1 dB. 

appendix 
This appendix provides the assumptions used for 
modeling the Yagi antennas, including how the mutual 
impedance matrix and gain were calculated. A more 
complete description of the general methodology is 
given e l~ewhere .~  

The following assumptions and methodology were 
employed: 

1. The mutual impedance between elements is 
assumed to be independent of element length and to 
be equal to published values for half-wave elements. 
This assumption was also used by others 2,6 and 
obviates the need to calculate mutual impedance for 
each antenna configuration, thereby greatly reducing 
computational time. 

2. The self-impedance of an element is computed 
using Tai's formula, which estimates the real and im- 
aginary self-impedance terms based on element length 
and element diameter:4 

Z (self) = (122.65 - 204.1 ( k t )  + 110 (k2)21 

j 120 1Cn ( 3 - 1 )  cot ( k t )  -162.5 + I40 ( k t )  -40 (k4)21 
a 

where R is the element length, kR is 2 pilwavelength, 
and a is the diameter. 

3. The impedance matrix is inverted and multiplied 
by the driving voltage matrix to give the element cur- 
rent distribution. The element currents are multiplied 
by the array factor for dipole elements to give the E 
field at a given value of theta and phi (spherical coor- 
dinates). The total radiated field is calculated by inte- 
grating theta and phi over a sphere and the gain in 
any direction is computed as the field ratio of the 
power in that direction divided by the average power 
flowing through the sphere. While this is theoretically 
equivalent to calculating the power in the forward 
direction and comparing to the input power at the 
driven element,2,6 it is probably more accurate, since 
it is independent of uncertainties in driving impedance. 

4. Because all calculations are done in free space, 
ground effects are neglected. The assumption is that 
the effect of the ground, which is to reinforce or cancel 
the radiated field, does not play a significant role in 
determining the current distribution. 

Some reviewers of this manuscript were incredulous 
about the conclusion that forward gain did not in- 
crease smoothly with boom length and suggested that 
perhaps my underlying assumptions biased the results. 
Subsequently, I have performed the same optimiza- 
tion procedure using a version of MlNlNEC with 20 
match points per element. MlNlNEC calculates all self 
and mutual impedances between element segments 
and thus does not use some of the assumptions I 
presented. Although the optimized element lengths 
were somewhat different than what I showed in table 
1, the relationship of boom length to forward gain and 
the amount of improvement noted with gain optimi- 
zation was identical. (See fig. 2, lines 1, 3.1 
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homebrewing equipment 
from 

Helpful hints 

to get you started 

Why are so few hams building electronic gear these 
days? To find out I conducted a survey among my ham 
friends. Three major reasons are: 
*Lack of parts and difficulty in finding the necessary 
materials at reasonable prices. 
*Choosing the wrong projects. Some pick projects of 
no use to their ham operations or that are too difficult 
for them to complete. 
*The challenge of metal work can be overwhelming. 

the parts problem 
Inexpensive parts are readily available from many 

sources. Here are some possibilities: 
*Local radio clubs often hold sales and auctions. 
Large, heavy World War II equipment (often called 
boat anchors) usually sells at give-away prices. Strip 
down for usable parts and hardware. Keep all screws, 
nuts, spacers, and small parts such as capacitors and 
resistors. Your junk box will soon overflow with build- 
ing material. 
*Garage and silent-key sales often yield worthwhile 
items. Look for wire, solder, tools, coax fittings, con- 
nectors, etc. If you don't have an immediate need, buy 
parts and store them for future use. 
*Hamfests. Watch for notices in ham publications. 
The flea market is usually the main attraction; the va- 
riety of material is unbelievable. Where else can you 
buy a Weston meter for a buck? Testing your bargain- 
ing skills is fun. 
*Electronic surplus houses. These are scattered across 
the country, and frequently advertise in the yellow 
pages of the local phone book. Better companies often 
publish catalogs. 
*Junk yards. Some of my best buys were made at junk 
yards where electronic material occasionally shows up 
as a byproduct and the seller doesn't know its value. 
I recently purchased some excellent coaxial cable at 
ten cents a foot. 
*Ham friends. Some of your acquaintances may have 
a basement, garage, or an attic full of items collected 
in the heyday of World War II surplus sales. 
*On-the-air swap meets can be an excellent source of 
cheap parts. I have contacted many hams on the air 
to buy hard-to-get items. You must be flexible in your 

metal work 
selection; sensible substitutions come from expe- 
rience. 

selecting the right project 
Keep your first project simple. It's easy to get dis- 

couraged if your initial attempt is too difficult. As you 
finish one project, look for something more compli- 
cated to test your abilities. I started building items such 
as field strength meters, moved on to antenna tuners, 
and finally to a linear amplifier. Build an item you will 
use in your ham operations. You'll give your confi- 
dence a boost if you build something and use it. 

preliminary design 
The foundation of any electronic project is the panel, 

chassis and, cabinet. Do your homework on circuit de- 
sign and determine its size before gathering materials. 

When you have all the necessary parts, decide on 
their proper placement. Look at handbook illustrations 
and photos to see how the experts do it. Juggle the 
parts into a configuration that meets your project's re- 
quirements. For example, short rf leads are important. 
Keep the coils spaced from metal shields by a distance 
at least one half their (coil) diameter. The rf switches 
must be close to the coils to maintain short lead length. 
Allow plenty of space around high-voltage compo- 
nents to avoid flashovers. 

Don't design in layers that will be hard to wire ini- 
tially; it may be difficult to repair or replace compo- 
nents later. 

metal fabrication 
Most hams dislike metal work either because they 

don't have the proper tools or don't know how to use 
them. This situation has an easy solution. 

Cabinet and chassis dimensions are determined 
when your design and parts placement are frozen. 
Now start looking for sources of sheet aluminum. It's 
the only material easily worked and electrically excel- 
lent. I find aluminum at salvage yards, surplus houses, 
and flea markets. Prices average $1.25 per pound. Buy 
6061T-6 alloy for panels or pieces that don't need 
bending. Material 118 inch thick is needed; it's stiff 
and machines cleanly. Choose bendable material for 
the chassis and outer cabinet. Test for flexibility by 
bending a small corner with a pair of pliers. It should 

By Paul A. Johnson, W7KBE, 10817 Brookside 
Drive, Sun City, Arizona 85351 
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panel over to finish the job. Greenlee punches are use- 
ful for making holes ranging from 1 12 to  1-1 !2 inches 
in diameter. 

Aluminum angle, 114-inch threaded rod and nuts, 
6-32 machine screws and nuts, and no. 6 drive screws 
are needed and can be found at well-stocked hard- 
ware stores. 

i ' bending aluminum 

.. You'll need to  bend the aluminum for the chassis 
and cabinets, something that's difficult to  do with 
regular home tools. Take the pieces that need bend- 

I' ing to  a local sheet metal shop. Let the metal worker - 
figure the dimensions as he knows the allowances that 
have to  be made for proper fitting. Sometimes you 
can avoid making bends by using angle aluminum. 

fig. 1. RF deck for KW linear amplifier. There's ample room the finished product 
in this compact 11" x 1 6  homebrew chassis for excellent part$ 
placement and ease of wiring from all angles. Figure 1 shows the skeleton frame of an assembly 

desiqned to  house a linear amplifier. Note the simple 

fig. 2. The wiring has been completed and tested on this am. 
plifier that covers all the bands using two roller inductors and 
a variable vacuum capacitor in a Pi L network. 

bend 90 degrees without breaking or springing hack. 
Use 1/16 inch aluminum for these parts. 

When looking for sheet aluminum, remember that 
salvage yards buy and sell drops (random sized pieces 
left from manufacturing processes). You can usually 
find material close to  the correct size. One word of 
caution: stay away from aluminum that has been ex- 
posed to the weather - it's hard to  clean. 

tools to use 
You can cut aluminum easily with hack, sabre, cir- 

cular, and hole saws or with a fly cutter. Cut meter 
holes with a hole saw or fly cutter (which must be used 
in a drill press at its lowest speed). Fly cutters can be 
dangerous; use cutting lubricants like kerosene or par- 
affin and smooth ragged edges with a file. Clamp the 
panel to  the table, cut halfway through, then turn the 

- 
construction. The front and back panels are the same 
size, and held together with four 114-inch threaded 
rods. To assure perfect alignment between front and 
back panels, clamp them together and drill holes for 
the 114-inch threaded rod through both. The meter 
shield has only one 90 degree bend. The side rails. 
chassis, and outer shell covers all have two  bends. 
Wi th  the outer shell in place, all the necessary shield- 
ing is complete. 

The chassis is open for ease of assembly. When all 
parts are in place, wiring is easy. Nothing is buried. 
Coils, switches, and capacitors are placed for efficient 
operation at radio frequencies. Figure 2 shows that 
there is no layering of parts. This makes future repairs, 
changes, or parts replacement easy. 

Figure 3 shows a completed 1-kW linear amplifier. 
The outer shell is held to the side rails with no. 6 sheet 
metal screws. The front of the cabinet extends beyond 
the front panel to  give a shadow box effect similar to  
many commercial cabinets. 

This open frame construction can be still be used 
if you find a commercial cabinet that fits your needs. 
Figure 4 shows an antenna tuner for 40, 80, and 160 
meters designed for open wire line. The sliding switch1 
and the coils2 are homemade. The assembly in f ig. 
4 was easy to  wire and slides into a commercial 
cabinet. 

finishing the metal work 
After drilling the holes, assemble the pieces to make 

sure everything fits. Now disassemble and clean each 
surface with sandpaper I100 grit). Remove all burrs 
and scrub down the metal with an abrasive cleanser; 
now you're ready to  paint. I paint only the front panel 
and outer shell; try making the panel one color and 
the outer shell another as contrasting colors enhance 
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f ig. 3. Here's t he  ampl i f ier  bu t t oned  u p  and  ready f o r  act ion.  
Plenty o f  meters  are available t o  mon i t o r  a l l  c i rcui t ry.  A 

, 

svmetr ical  layout  o f  t he  f r on t  panel adds t o  t he  appearance. 
Not ice  t he  use o f  surplus d ia l  counters a n d  meters. 

the appearance. Epoxy metal spray paint does a 
good job. 

the final touch 
Reassemble and wire all components. You need to 

maintain excellent contact between parts and sheet 
metal. Don't skimp on the number of screws; rf 
grounds are very important. 
-. . 
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fig. 4. This tuner  w a s  housed i n  a commerc ia l  cabinet  w h i c h  
had  a h inged t o p  cover t o  a l l ow  ready access t o  t he  tapped 
coil .  The meters  display POWER and  VSWR. 

I have built many of these cabinets for my friends 
and myself. The designs evolved over years of trying 
to simplify construction of homebrewed equipment. 
I think the finished product is very functional. Why 
not give it a try? 

1. Johnson. Paul A,, .'Be Sw~tctled, Eas~ly." OST. February 1983, page 18 
2. Johnson. Paul A,. "Construct~ng Alr wound Cods." ham rad~o. August 
1984. page 37. 
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automatically switched 
half-octave filters: 

part 2 

Modular approach 

facilitates construction, 
improves performance 

In part one,' we discussed the low-pass and band- 
pass requirements for multi-octave transmitters and 
receivers. They differ considerably from the ones need- 
ed for narrowband applications like those in Amateur 
equipment with 500-kHz band coverage. W e  found 
that the best way to  use filters in a multi-octave trans- 
mitter application with stringent attenuation and ripple 
characteristics is to  select contiguous half-octave net- 
works that will attenuate second-order and higher 
harmonic products while maintaining flat bandpass 
characteristics (fig. 1). 

W e  discussed the practical limitations of filter de- 
sign and the tradeoffs in linear amplifier design neces- 
sary to  reduce the complexity of the filters, presented 
an ideal filter model, and discussed how some practi- 
cal filter approximations can satisfy stringent require- 
ments bettltr than others. Based on this knowledge, 
we selected the Cauer (elliptical) filter for our applica- 
tion, and designed bandpass and low-pass networks 
for a full coveraqe transceiver. In part 2, we will 
implement the low-pass filters from table 3 of part 1 
in the transceiver environment. This requires additional 
design in the areas of rf switching and digital decod. 
ing that will have to  work with the filter networks, the 
control system of the transceiver, and the mechani- 
cal design. 

system implementation 
Because the low-pass networks must withstand 

high power (and high VSWR), they need to  be imple. 
mented with relatively large inductors and capacitors, 
whlch will take up space In the compact transceiver 

fig. 1. Breadboarding the automatic filters for the WB3JZO 
transceiver. 

By contrast, the modular packaging of the transceiver 
dictates the use of small pc boards containing sensi- 
tive driving circuits and arrays of rf power relays for 
switching in the proper networks at the right time. This 
combination of rf and digital circuits could be cumber- 
some if not properly designed and implemented, even 
though we planned the networks with a minimum 
number of poles. 

A special approach to packaging was adopted in the 
WB3JZO transceiver. To keep the digital circuits away 
from the rf, the filter networks are packaged in sep- 
arate plug-in assemblies, each containing four filters 
(f ig. 2A). The assemblies plug into pc boards contain- 
ing all the digital circuitry and switching. Stainless steel 
containers were constructed with Teflon'" standoffs 
to  give mechanical support to the inductors and cap- 
acitors. In addition, a set of  precision-guided RCA 
connectors were built into the containers for quick 
connect/disconnect of all filters from the pc boards. 

This construction proved effective in preventing the 

By Cornell Drentea, WB3JZO 7140 Colorado 
Avenue North, Minneapolis, Minnesota 55429 and 
Lee R Watkins, 2256 East Jaeger Street, Mesa, 
Arizona 85213. 
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fig. 2A. Implementing the filter banks in the WB3JZO trans- 
ceiver. Stainless steel containers with built-in Teflon".' stand- 
offs and precision guided FICA connectors allow off-board 
access to the filters for tuning. This packaging keeps rf out 
of the digital circuits. 

fig. 26. Filter assemblies are easily inserted into the pc boards 
which in turn plug into the transceiver. 

fig. 3. View of the amplifier assemblies and associated filter 
banks. 

rf  from getting into the sensitive digital circuitry on the 
pc boards under the filter assemblies. High-power rf 
switching relays, associated striplines, and rf connec- 
tors were built into the boards. The separate contain- 
ers and pc boards allow independent rf tuning and 

digital testing of the networks and their switching. 
Each bank of filters can be plugged or unplugged from 
the pc boards ( f ig.  2B). Two board assemblies are 
required for the eight low-pass filters. Only one board 
is needed to accom~nodate the bandpass filter bank, 
since the size of the parts for these filters permits 
miniaturization. 

Many other design goals were considered. An opto- 
encoded digital count up ldown circuit on the digital 
interface command board (DBIC) at the front of the 
transceiver provides decoding for all filter banks, and 
works in conjunction with two  other interface boards. 
The frequency word logic board (FWLB) lets the oper- 
ator dial up any frequency from the transceiver's front 
panel and the frequency mode display board (FMDB) 
serves as digital display feedback. The high-gain (39 
dB) linear amplifier chain and the low-pass filter banks 
are shown in f ig.  3. 

The system is implemented modularly and connect- 
ed via ribbon cables and motherboard layout to  de- 
code and communicate information to the proper 
automatically selected filters. The rf paths are joined 
by RG-174lU and RG-58/U coaxial cables, depend- 
ing on rf power requirements. Digital information is 
transmitted to  the synthesizer as corrected by the i-f 
value and CW shift. Several other functions were in- 
corporated: power-up memory for the "mode" mech- 
anism, ensuring that the transceiver always starts up 
in upper sideband; alpha-numeric display circuits with 
electronic band edge stops at 2 and 30 MHz, to  pre- 
vent operation outside the range; various sequencing 
and delay circuits that work in conjunction with the 
synthesizer; and AGC command functions, thumb- 
wheel encoding circuits, and a multiple-tone alert sys- 
tem working in the receiver's audio section. Figure 
4A shows all significant digital assemblies and the filter 
banks prior to final transceiver packaging; figs. 4B and 
4C show their incorporation in the transceiver. 

building the filters 
Next, we will see how the low-pass filters from table 

3 of part 1 were constructed. First, precision induc- 
tors were devised for all values from the table. We 
used commercial MicrometalsTM T-68 toroid cores 
red mix No. 2 for the lower frequency banks and 
yellow mix No. 6 for the higher frequencies. The 
number of turns (N2) was calculated using the equa- 
tions listed in tab le  l .  The final inductance adjust- 
ments were made with the setup shown in f ig .  5. 

By placing a precision silver mica capacitor of 
known value across each of the inductors and using 
a grid dip meter and digital frequency counter to  
measure the resonance of the circuit, the value of L 
was calculated with the equations shown in table 2. 
The counter measured the frequency of the grid dip 
meter's oscillator at the precise resonance point. The 
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Table 1. Equation used t o  calculate the  num- 
ber o f  turns (N2). 

Ll  L2 - = -  Eqn. 1 
IN112 IN212 

LllN2I2 = L2lN/l2 Eqn. 2 

L21N112 
= - Eqn. 3 

L1 J'y N2 = = Eqn. 4 

Where: 
N2 = Required number of turns 
L, = Known inductance per 100 turns* 
L2 = Known required inductance 
N1 = 100 

"Values of L1 from tables 
T68-2 = 55 pH 
T68-6 = 47 pH 

Table 2. Equation used t o  calculate the value 
o f  L. 

25330 Eqn. 5 C = - L = -  
(f72 C) 

25330 Eqn. 6 
(F2 L)  

Example: If C = 107.6, L = 3.40 pH 
To resonate at 8.316 MHz 
(from filter no. 1, Table 3 (from part 1).  

numbers were entered into a TI-59 calculator pro- 
grammed to solve for L or C according to the equa- 
tions. This semiautomated process allowed quick, 
consistent, error-free calculations, making measure- 
ments for all the inductors easy. The setup worked 
well for all cases. Adjustments were made to the coils 
by pushing or spreading the windings a bit. The same 
procedure was used to obtain practical combinations 
of capacitor values approaching the theoretical values 
prescribed in table 3 of part 1. In this case, the equa- 
tion was solved for C rather than L (table 2). The parts 
were then soldered into the containers, using RCA 
connectors and Teflon standoffs as mechanical sup- 
ports. The filters were then tuned for theoretical peaks 
with a Collins R-392 receiver used as a spec.;um 
analyzer. We later used an HP-8754 network analyzer 
to complete the job. 

Figure 6 shows the composite frequency response 
of the finished low-pass filters as plotted wirh the 

fig. 4. (A) View of significant assemblies associated with the 
implementation of the filters. Shown are all filter banks and 
the digital interface command board (DBIC). (6) and (CI Views 
of all digital boards and filter assemblies as packaged in the 
transceiver. In addition to the boards and visible behind the 
front panel are the frequency word logic board (FWLB) and 
the frequency mode display board (FMDB). All boards are in- 
terconnected via continuous ribbon cables equipped with 
press-on connectors. 
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receiver's i-f section. The 75451 is an integrated cir- 
cuit containing two drivers and associated TTL logic. 
Two of these were used per filter board (fig. 8). Re- 
verse-biased silicon diodes on the coils eliminated volt- 
age transients that occur when current is interrupted. 

The rf relays were standard parts chosen for their 
reliability and low cost (evidenced by their use in com- 
mercial maritime transceivers). Small Teledyne rf relays 
were used for the bandpass bank. The design lets only 
one filter be switched in at any given time, eliminat- 
ing possible interaction between the selected filter and 
adjacent devices. During selection, all other filters are 
shorted to ground at the input and output; this is done 
by taking advantage of the natural resting position of 

fig. 5. Setup used to speed up the inductance measurement 
process. The toroidal coil under test was paralleled by a 
known precision silver mica capacitor. The exact frequency 
of the circuit was read with a digital counter which meas- 
ured the frequency of rf generated by the grid dip meter at 
resonance. Al l  numbers were inputted to  the TI-59 program- 
mable calculator which resolved the equation for L or C. 

analyzer. Little work was needed to bring the filters 
within the design specifications. We also performed 
spectrum analyzer tests (fig. 7). 

communication and decoding 
mechanism 

The schematic diaaram of the low-b ass assemblies. 
and their switching mechanism, are shown in fig. 8 ~ :  
Figure 8B shows the implementation of the bandpass 
banks with their corresponding switching. Some of the 
functions included here are filter switching with asso- 
ciated driving circuits, transmitlreceive (T/R) switch- 
ing, and the transmitter gain control (TGCI sensory 
circuit. Next, we will discuss the communication and 
decoding mechanism. 

We decided early in the design that digital commu- 
nications in the transceiver would be performed with 
parallel low-true TTL levels for good noise immunity 
in the presence of an rf field. This meant that the TTL 
lines would be terminated on the destination boards 
with 75451 line drivers, normally used in computer 
communications hardware. These devices deliver up 

10 20 30 40  SO 60  '0 80 90 100 

'*EO"csCI Y*, 

fig. 6. Actual frequency response plot of all the low-pass 
filters was obtained with the HP-8756 network analyz- 
er. The response curves show compliance with design 
goal specifications from table 1 (from part 11. 

to 400 milliamperes of current at 5 volts and can drive 
fig. 7. Typical worst-case spectrum analyzer test shows that 

relays directly. They have been used throughout the harmonics are at least 50 dB below the carrier. Filter No. 4 
system, in the control circuits, as relay drivers for all was used in this example. Similar results are obtained with 
filter boards, and as power switches for muting the the other low-pass filters. 
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fig. 88. Bandpass assenibly. I 
the relay arms. We observed no stray effects between 
the active filter networks and adjacent coils, despite 
the compact packaging. Ferrite beads were used in 
all relay driving lines to prevent rf from getting into 
the dc switching circuits. Finally, all power lines were 
bypassed with decoupliny capacitors and rf chokes 
and the finished product worked smoothly. 

digital intelligence 
The decoding for selecting the appropriate filter net- 

works was designed into the digital interface command 
board ( f ig.  9).  When power is first applied, all logic 
circuits are reset via the built-in power-on strobe 
circuits as shown. This mutes the receiver and trans- 
mitter circuits until the synthesizer locks up on the fre- 
quency indicated by the thumbwheel switch and the 
dot-matrix LED display. Within a few milliseconds a 
short tone burst, audible through the audio amplifier 
of  the transceiver, signals transceiver readiness. The 
entire transceiver then is set to the frequency indicat- 
ed by the thumbwheel switch, which also controls the 
filter selection. The half-octave filters are automatically 
selected by the BCD-to-decimal decoder, which in turn 
activates one of the eight lines going to the filter banks 
( f ig .  9).  In addition, parallel digital data intended for 
the display is modified by the amount of i-f frequency 
before being sent to the synthesizer. 

final considerations 

Some additional, but unrelated, circuits are shown 

in f ig.  9. In the WB3JZO transceiver, mode selection 
is made automatically at power-up and is initially in 
the upper sideband condition. It is controlled with a 
push-push sequencer button located in the front of 
the transceiver. Selection is indicated by a large LED 
display, visible through the front panel, programmed 
to  show the letters U, L, or variations of the letter C 
for different CW bandwidths. Similar circuits control 
the AGC characteristics of the receiver, and several 
other functions. The frequency display shows the fre- 
quency of the thurnbwheel switch (which acts as a 
280,000-position band switch) as soon as power is 
applied. The operator can then take over the frequency 
control manually via the optical interrupter of the trans- 
ceiver over a 10-kHz range. Split operation is activated 
by the memory switch ( f ig .  9).  

When the operator sets the thumbwheel switch to 
the chosen frequency, the 7430 NAND gate IC detects 
any large frequency change and resets all circuits. 
This mutes the transceiver for a few millisecontls until 
there is lock-up and the MC-4024 generates a short 
sequence of tones indicating that the change has been 
made. Any out-of-band (i.e., outside the range of 2 
to 30 MHz) condition disables transmitting and receiv- 
ing circuits generating a set of aural and visual alarms 
(audio tones and all decimal points are lit on the alpha- 
numeric display). 

conclusion 
This paper details a procedure for defining and 
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Now Avallablel The new 2nd ed~l lon of the 
deflnltlve book on Low Band DX Ing Based 
upon years 01 practlcal on-the-alr 
experlence learn the secrets of how 
ON4UN has been so successful on the low 
bands Extensive coverage IS glven to Irans- 
mlt and recelve antennas w ~ t h  clear conclse 
explanations and plenty of lllustrattons- 
dtpoles, ~nverteil V s slopers. phased arrays 
and Beverages-they're all In thts book 
Also covered propagallon. transmitters. 
receivers. operating software and an exten- 
slve Low Band blbllography Gotng to be a 
best seller' Get vours todav 1987 2nd 
E d ~ l ~ o n  200 pages 

AR-UN Softbound 59.95 

BUY'EM BOTH 
SPECIAL OFFER 

Book & S o f t w a r e  Reg. $49.90 
( $ 5 9 . 9 0  f o r  Mac) 

Just $44.90 ($54.90 f o r  Mac) 
UN-SO ( s p e c i f y  c o m p u t e r )  $44.90 
U N - M S O  M a c i n t o s h  S p e c i a l  $54.90 

SAVE $5 
Please enclose 53 50 shlpptng 8 handltrl~] 

ORDERS ONLY: (800) 341-1522 

ham radio BOOKSTORE 

ALL ABOUT CUBICAL QUAD ANTENNAS 
by 8111 Orr. W6SAl and Stu Cowan. W2LX 
The cubrcal quad antenna IS considered by many lo be the 
best DX antenna because ol 11s slmple, lhghhvelght des~gn 
and hlgh perlormance You'll flnd quad des~gns for every. 
thing lrom the s~ngle element to the multi-element monster 
quad There's a wealth of data on constructlon, leedtng. 
tunlng, and mountlnq quad antennas 112 paqes 1982 
3rd ed~t~on Includes data for WARC bands 

RP-CO Sonbound $7.95 

THE AMATEUR RADIO VERTICAL HANDBOOK 
bv Cot. Paul H. Lee. USN IRet.1. N6PL - . - -  ~~ - .~ . .. 

Raseo .IIIJ~I In, .!.rlhr~l , yt. t 1 5  u s  nolr a th a n~mber 01 d~ner. 
el11 veil., i anttma oeslqns i n .  g ~ 1  P tanf). 01 tneory and 
OPSIQII III'II~IIIAIIOI aonq n tn d n~n ln r l  LII p~act cd construe- 
IIUTI lapa\ In( .deo ,ilr fl~51qns tor s IIIP v 1 4 an0 518*are 
antennas as well as broadband and mul11-element d~recllonal 
anlennas Paul Lee IS an enqlneer and avld ham and IS Ama. 
teur Radlo's res~dcnt exprrl on the vertlcal antenna 1984. 
2nd edirlon 

CO-VAH Sonbound $9.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
by Blll Orr. W6SAl and Stu Cowan. W2LX 
Contalns lots ol well ~llustrated constrl~ctlon pmlects lor 
vertical, long wlre and HFNHF beam antennas There IS 
an honest judgment ot antenna Qaln hgores. ~nlormat~on on 
the best and worst antenna locat~ons and heighls, a long 
look at the quad vs Ihe yagl antenna. lnlormatlon on 
baluns and how to use Ihem, and new ~nformat~on on the 
popular Sloper and Delta Loop antennas The text 1s based 
on proven data plus practlcal, on-them experlence. 190 
pages 1978 1st edlllon 

RP-AH Soltbound $9.95 

HF ANTENNAS - The Easy Way 
by John Haerle. WB511R 

Thls tutorlal 16 dl i  excpllf:nt source book on antenna theory 
and appltcal~ons Examples 01 areas covered are Fun- 
damenl~~ls, antenna and leedllne termtnolog baluns. 
qround systems. lhqhlnlng protectlon. The &stc Anlenna. 
the d~polc. the 7ep11. GSRV. W~ndom. Specla1 Antennas. the 
sloper. ODRR. Beverage lolded unlpole. Beams. WBJK. 
Yaq~, two element quatl, and the 160 rneler band slory 
John's wrltlnq IS In an easy-lo.undersland conversat~onal 
style and IS lull 01 examples and handy ttps and htnls 
There are no drawlngs or ~lluslratlons but John's prose 
palnts plclures lor clear and complete understandong 01 the 
llilormat~on be~nq presented 1984 1st Edlt~on 

JH.AT Sonbound $11.95 

BEAM ANTENNA HANDBOOK by W6SAl and W2M 
Completely revlsed and updated the Beam Antenna Handbook 
Includes the very lalesl stale ol 'the-art antenna deslgn Com 
putel generaled beam dl~ilenslons lor the 40. 30. 20. 17. 15. 
12 10 and VHF bands arp included ellmlnallng the need lor 
tome consuming math calculat~ons Also covered are Beam 
he~ghl and opllmurn apex ot radlatlon, how element types and 
hardware ellect perlormance, ettecl of nearby oblecls on lad,. 
atlon patterns, leedl~nes. baluns and malchlng systems and 
much more Ham Radlo VHF cnlumnlst WtJR. and noted Eu- 
ropean VHF'er DLGWO's VHF antenna designs are covered ex. 
teris~vely as well as NRS VHF long Yagls 2fi8 clearly wrltten 
pages - 204 easy lo understand ~lluslrat~ons, make lhls the 
book to buy lor bean1 construcllon 1985 1st edltlon 

RP-B A Sonbound 59.95 

SIMPLE LOW-COST WIRE ANTENNAS 
by Bill Orr. W6SAI and Stu Cowan. W2LX 
Learn how lo build stmple economlcal wlre anterlnas 
Apartment dwellers take notel tool your landlord an3 your 
ne~qhbors wlth some ol the '~nvls~ble ' antennas lollnd 
here Well dtagrammed 192 paqes 1972 

RP.WA Sonbound 19.95 

ARRL ANTENNA BOOK 
14th Edltion 
The Amateur Antenna b~ble Includes lust aboul every bll 01 In- 
tormat~on you'd ever want to know about antenna deslgn. 
constructlon and theory Stans wllh wave propagation. 
antenna lundamenlals and transmtsslon Ilne theow, uro- 
grr<w\ lh!oLgn coLpung Ihp Itanqm tter an0 anleiria to the 
tPP0 nP 111 9 h q nC,USlrP c h a ~ t ~ r <  on now to n ,110 d tf~rent 
ar@r*nna< 1'482 14th PO 111111 TOO oat?\ . > 

AR-AM Sonbound $8.00 

FOR INFORMATION: (603) 878-1 441 

GREENVILLE .  NH 0 3 0 4 8  603 -878 -1441  
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Join the Packet ~acket  !b H-l 
Annual New Hampshire Store Sale March 5 & 6 

Door prizes Manufacturers ' Reps It 's Better Than a Hamfest 

Ask about KPC.2 

Ul l~male hrlt!! t i t  radlo CUT , 
display R specttllrn analyzer. I 

EGE NEW ENGLAND 
HF I!,t !~r; i  lver wl lh 

N e w  England INH Includedl General Cover,<qe Rece~ver 
iTol l  Free: 800.444-0047 
c ~ ! . J  R Swvtcr. lh031 898 3750 

'\lnre Hours MluWF 10- 5 1 Th 17-8 Sd1 10-4 

!I ncunlbe l oul$la!iA 70445 
' l~ i lo  X Service 1:,04) 882.5355 

'/Terms: : o e r w  : necks accepred 

Tiny HTs lor 2m1440 MHz 
Corn[l.~r:l . ' t i 1  hloblle 

IC-02AT103AT104AT 

Mr~!,ley Hy-Gain, BRW. Van 
Gorden. Hustler. Larsen. 

Antenna Special~sls. 
Cenlur~on, Srntley 

Antennas lor Scanners. CBs. 

I 
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NEW BOOMER 
DISTANCE 
RECORDS 

220 MHz on June 14, 
1987 Bill Duval. K5UGM of 

Irving. Texas made the a m r  
220 MHz sporadic E contact with John 

Moore W5HUQl4 of Orange Park. Florida. 
Both operators were using 2208 Boomers. 

144 MHz on June 14, 1987 Jim Frye. NWlO using the 
4218XL Boomer contacted Jim Poore. KD4WF using a 215WB 

Boomer to set a new 144 MHz overland distance record of 1980 
statute miles. 

144 MHz on August 3, 1987 Gordon West WB6NOA. using a l/z watt handheld into 
a pair of 4218XL Boomers contacted KH6HME in Hawaii a distance record of more than 

2400 statute miles. 

Make Boomer quality and performance work for-you. Whether you choose one of our hw new 
220 MHz antennas. the most popular 215 WE or'the world class 4218XL. you will have all of the 
best Boomer features. Whatever your choice of operating mode or distance BOOMER DOES 

J 262 IT BETTER. 

- 
P- 

e 
AVAILABLE THROUGH .shas 

DEALERS WORLDWIDE I * 
C u n r O R A T  I O N  

THE ANTENNA C 
48 PERIMETER ROAD, MANCHESTER. uun ua lu 

603-627-7877 TELEX 4949472 FAX 603-62' 



implementing automatic switched half-octave filters. 
The key to this method is to design the electrical filters 
with a minimum number of elements, while maintain- 
ing stringent electrical and mechanical requirements 
over a wide frequency range. 

The resulting architecture is modular in that it pre- 
serves the plug-in board approach in a high-power rf 
environment and allows for proper digital interfacing 
to automate the system. 

Although this project is dedicated to hf communi- 
cations and particularly to linear amplifier harmonic 
suppression, there are many opportunities for using 
similar systems in other signal processing tasks. The 
authors would like to hear from anyone who has found 
new or novel applications for this concept. 
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frequency calibration 
using 60 kHz WWVB 

phase comparison method 
using NBS station 

yields higher accuracy 

As the techniques used by the average Amateur 
Radio operator become more sophisticated, the need 
for precise frequency control becomes more impor- 
tant. Satellite communications, digital data links, co- 
herent CW operation, and even the everyday business 
of saying "QSY to  14259.0" all place increasing de- 
mands on our ability to accurately measure frequency. 

W W V  and WWVH have been used for years to cal- 
ibrate equipment by audibly comparing transmitted 
signals against the receiver's internal reference oscil- 
lator for zero beat. This is still the most convenient 
method. However, for greater calibration accuracy, 
use station WWVB which transmits on 6OkHz. 

WWVB broadcasts a highly stable reference signal 
in the Very Low Frequency (VLF) band and, despite 
its relatively low power, is receivable nationwide. Its 
signal is a continuous carrier modulated by decreas- 
ing output power 10 dB on the second for varying 
pulse widths. In this way, time, date, and error infor- 
mation are sent in binary format without disturbing the 
phase coherence of the reference signal. None of this 
information is decodable using standard audio detec- 
tion techniques. 

In recent years there have been a number of arti- 
cles dealing with reception at VLF. Most employ con- 
version circuits which work fine for a-m, CW, and 
RTTY but are useless for reference work. The fol- 
lowing circuit overcomes this limitation by using a syn- 
chronous detection scheme, which when used in con- 
junction with an oscilloscope, gives a convenient visual 
readout of frequency error. 

The rf signal from the antenna is amplified without 
conversion using moderate selectivity and after con- 
ditioning is fed to the vertical channel of an oscillo- 
scope. If the horizonal sweep time is then set to display 
about two  cycles at 60 kHz ( 5  microseconds per cm 
on my scope), and the sweep is triggered by an oscil- 

lator at 60 kHz or any submultiple frequency (i.e. 60 
kHz/n; where n = 1, 2, 3, etc.) the rf signal can be 
directly viewed. The modulation appears as amplitude 
level shifts on the screen, and the frequency error of 
the oscillator is displayed as a phase drift. Rightward 
drift means the frequency is high and leftward drift 
means it is low. The rate of error can be exactly cal- 
culated from the following formula: 

16.7 
error in parts per rriillion = T 

where T is the time in seconds for one full sine wave 
to  drift past a reference point on the screen. (See 
fig. 1.) 

This creates a visual converter of very high Q. The 
screen's phosphorus persistence provides selectivity 
and the difference signal is detected as drift, easily 
measured in both direction and level. The result is an 
accurate method of frequency standard calibration at 
minimal cost. 

using an existing oscillator 
In most situations, one oscillator is established as 

the reference source. It can be used as a 100-kHz band 
marker, the master oscillator of a phase-locked loop 
scheme, or as the standard oscillator in a frequency 
counter. This reference oscillator should be calibrat- 
ed by phase comparison to  WWVB. 

To properly use this circuit for calibration, it is neces- 
sary that the oscillator signal be brought out of your 
existing equipment and be processed so that a suit- 
able submultiple frequency is available. Do some in- 
dividual planning before beginning construction. 

Digital division is usually necessary as the oscillator 
frequency will be higher than 60 kHz. Most equipment 
has internal dividers so the subfrequency you' need 
may already be available. Make sure that this source 
is not so heavily loaded by the interface circuit that 
stability is affected. 

Suitable frequencies meet the following require- 
ment: 

60000 
,frc~qrrcnqv ( H z )  = where n = 1,2,3.. . .el(,. 

By John A. Cowan, W4ZPS, 303 Kingston 
Highway 293 NW, Cartersville, Georgia 30120 
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fig. 1. 60 kHz "receiver" diagram and inset drawings showing i-f transformer and transistor pinouts. All capacitors are 
in microfarads and all resistors 114 w a t t  except R1. 

parts list 

CR1,CRZ 1-amp general purpose power diodes 
CR3 6.0-volt Zener diode. 1 watt 
C1-C4 O.Ol,,F 100-volt mylar capacitors (Jameco No. MY.O1/100) 
C5-C l l  3.3uF 35-volt dipped tantalum (Jameco No. TM3.3135) 
C12 lOOeF 6-volt dipped tantalum (Jameco No. TM100/6) 
C13-C16 25 pF 25.~011 electrolytic capacitors 
R1 100-ohm 1/2-watt resistor 
R2-R10 100-ohm 1/4-watt resistors 
R11 470-ohm 1/4-watt resistor 
R12 1-k 1/4-watt resistor 
R13 1 0 4  1/4-watt resistor 
R14 3 3 4  1/4-watt resistor 
R15 47-k 1/4-watt resistor 
R16,R17 100-k 1/4-watt resistors 
TI-T4 1-mH i-f transformers (Digi-Key No. TK 2001) 
0 7 - 0 3  40673 MOSFETs (Jameco No. 40673) 
0 4 . 0 5  2N3906 PNP transistors 
0 6  2N3904 NPN transistor 

A 100-kHz oscillator need only be divided by 10 since 
the resulting 10 kHz is a suitable submultiple ( n  = 6). 
A 1, 2, 3, or 6-MHz signal could be divided by 100 as 
10, 20, 30, and 60 kHz also work ( n  = 6, 3, 2, 1). Os- 
cillators at 4, 5, and 10 MHz must be divided by 1000. 
Division by 1000 works for all the above frequencies 
because further division of a suitable frequency always 
gives another. The only drawback in using higher than 
minimum division ratios is that fewer sweeps per sec- 
ond mean a dimmer display. Some frequencies are 
selected for use in binary schemes and will need divi- 
sion by binary counters. Rarely does a frequency re- 
quire complex divide-by-n circuitry. 

crystal oscillators aren't perfect 
There's no such thing as long term stability in crys- 

tal oscillators. Even the best commercial circuits drift 
as the crystals age. The best that can be hoped for 
is to minimize short term drift from voltage changes, 
loading, and ambient temperature variations. Once 
tuned to  frequency, these oscillators drift slowly and 
at a constant rate. Eventually, however, the cumula- 
tive effect of crystal aging will leave the frequency far 
from its mark. These are the times when this circuit 
and WWVB come to the rescue. 

antenna considerations 
Many antenna designs are suitable for use at 60 kHz. 

Loops, top-loaded verticals, and elaborate long-wire 
arrays all work well. However, when only reception 
is important, and cost the major factor, a short long 
wire and good earth ground are hard to beat. 

One good technique uses a run of RG-59/U coax 
to exit the building and then attach the braid to  a good 
earth ground. From this point, attach a length of wire 
to the center conductor and run it as far as possible. 
On small lots, running around the perimeter of the 
property gives good results. One leg of a dipole an- 
tenna may work well, but make certain that baluns and 
matching networks don't attenuate at 60 kHz. Power 
lines and color television sets generate significant in- 
terference at VLF, so locate the antenna as far away 
from these sources as possible. 

Neither height nor great length is absolutely neces- 
sary. Even at my rather fringe location, I have received 
usable signals on a 30-foot wire running across the 
basement floor. My  primary antenna is somewhat 
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published by Bill Orr, WGSAI and Stu Cowan, W2LX 
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TINY-2 PACKET CONTROLLER $119.95 
READY TO USE - NOT A KIT 

USES TNC-2 EPROMS INCLUDING NETIROM. FIRMWARE VERSION 1 .I .5 PROVIDED 
32K RAM AND 32K EPROM STANDARD 
SUPPORTS BOTH RS-232 AND TTL COMPUTERS, 300-19.200 BAUDS 
EXTRUDED ALUMINUM CABINET WITH OVEN-BAKED WRINKLE FINISH. ONLY 5" x 7 
WATCHDOG TIMER. MODEM DISCONNECT HEADER. 12V DC OPERATION. 

BEAM ANTENNA HANDBOOK 
Completely revlsrd and updalr~~l  vlllh Ihe lalest computer generated lnlorma 
[(on on BEAM Antenna drslqn Covers HF and VHF Yaqls and 10 18 ,tnd 21 
MHI WARC bands Everythlr~q you need to know 204 lllustrallons 2M) 
pdqes 19R5 Rpvtqed l s l  ~ d l l l l ~ n  

RP.BA Sonbound $9 95 

THE BEST VALUE IN A VHFIHF TNC 

PAC-COMM TNC-220 $ 7  49.95 
WlTH TUNING INDICATOR $1 79.95 

- NOW WITH 32K RAM STANDARD, FIRMWARE VERSION 1.1.5 
- SELECT EITHER HF OR VHF RADIOS FROM THE KEYBOARD. 
- SUPPORTS RS-232 AND l T L  COMPUTERS 
- IN KIT FORM -- $129.95 
- INTERNAL TUNING INDICATOR -- $44.95 I 245 

SIMPLE \OW-COST WIRE ANTENNAS 
Pruner on how lo bull0 s l m p l ~  low cosl wtrr. anlennas Includes lnvrslble 
dPvqns lor apartmen1 dwellers Full o l  dlaqrams and scllerltallcs 192 
paqps 1972 2nd ed111on 

RP-WA Sonbound $9.95 

P A C K E T  T E R M I N A L  P R O O R A M S  

............................ p PAC-PRO (PC) 5 2 9  9 5  
........................ DlGlPACK II (PC) $49.95 

MACPACKET (MAC) .................. $49 9 5  
.......................... M A C K E T  (MAC) $39.95 

C O M M O D O R E  64 ...................... $19.95 

TNC-200. TNC-220  VERSION 1.1.5 EPROMS 
$10.00 

ACCESSORIES: 71 12v RS-232 W A L L  CABLE M O U N T  $9.95. POWER C64 CABLE SUPPLY $ 1 2 9 5  59.95 

I ALL ABOUT CUBICAL OUAD ANTENNAS I 

WRITE OR CALL FOR OUR NEW CATALOG OF PACKET EQUIPMENT. SOFTWARE AND ACCESSORIES. 

I m TECHNICAL INFORMATION 
T O L L  FREE .-J 7 30 AM . I I PM EASTERN 

(ORDERS ONLY) 
80&223.3511 3652 West Cypress St.. Tampa. FL 33603 (81 3) 874-2980 

EXCEPT FLORIDA TELEX: 650-288-1528 M C I  
FLORIDA ADDRESSES A D D  5%. $3 M) SHIPPING/HANDLING PER ORDER. FAX: (813) 872-8896 

Slmple lo bulld. Ihqhlwe~qhl, arid hlqh perlor~liarice make the Ouad a1 DX'ers 
Oellqhl tveryth~nq lrorn Ihe slnqle rlerrlenl lo a rnullr elemenl monsler A 
weallh of ~nlormallo~l on construcllon. leedlnq. lunlnq and lnslalllnq Ihe 
ouad anlenna 112 paqes 1987 3rd edltlon 

RP-C(I SoRbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A weallh 01 prolecrs thal covers vert~cals, lonq wlres. hedms as well as 
plenty 01 olher ~rileresllrtg deslqns I1 lilcludes an hones1 ludgemenl 01 galn 
18gures. how lo s11e ~ O U I  anlelina lor Ihe besl performance, a look a1 lhe 
Yaql-Ouad controversy, baluns. slopers. and della loops Practical anlenna 
prolects thal work' 190 paqes 1978 1st edlllon 

RP-AH SoHbound $9.95 

I Please e n n o r e  I 5 0  lor r h l p p ~ q  and handling I 
I GRI ENVILLE NH 03048 1603) RIB 1441 1 

1 K.V.G. ,,<:a @@ 
I CRYSTAL 

PRODUCTS 

I 9 MHz CRYSTAL FILTERS I 
MODEL 

XF-9A 
XF 98  
XF-96-01 
XF-98-02 
XF-98-10 
XF-9C 
XF-QD 
XF.9E 
XF-QM 
XF-9NB 
XF-9P 
XF-910 

Appll- 
callon 
SSB 
SS8 
LSB 
US8 
SSQ 
AM 
AM 
F M 
CW 
CW 
CW 

IF nose 

Band- 
width 

2 4  kHz 
2 4  kH7 
2 4  kH7 
2 4  kHz 
2 4  kHz 
3 75 kHz 
5 0 kHz 

120  kHz 
5W HZ 
500 Hz 
250 H I  

I 5  kHz 

I 10.7 MHz CRYSTAL FILTERS I 

I WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 
Erporl lnqunrles lnvlted Shtpplnq 53 75 

ANTENNAS I 
7M 
IOXY-ZM 593 00 LOOP YAGlS 
70cm 

65 00 
1268.LY S6O 00 

70iMBM28 
90 00 1296-LY 60 00 

7OIMBMO8 
135 00 1691-LY 70 00 

701MRMHH 
99 00 

order I m p  yagl connnclor extra 
U Y 2 0  '100 MH? 
send ffic 13 slarnosl lo, lull delnlls ol all o s  VHi  & UHI equ~prnenls and KVG cryrlal -. . ~- ,~ . 
Shtpp~ng FOR Concord. Mass 

TERNATIONAL, INC. 
Post Office Box 1084 
ord, MA 01742, U.S.A. 
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S h ,  no1 to  n 
unl l l  (up l o  

0 10 QHz unl 
use wlth lha -- 

eommunlcallon system lor voice, mew, vldao w dals trensmll mlalntap DXIngI 
MA87141.1 (pair 01 10 mW trenscelvera) $251.96. Hlgher power Ilable. 8. Mlcre 
wave As-late1 24 CHI Qunnplexer. Slmllar chsraclertsllcs 1 I (pslr 01 20 mW 
1ranscelv.n) 1739.20. C. Thls suppad modulo Is deelgnsd lor d MA87120 and 
provides all o l  me clmullry lor a full duplex audio transcalve .,.,..,,. ,,.. vu..u ,..,.Jns a lownoln. 
30MHz Im recelrsr, modul.lors lot  robe and mcw oparallon. Qunn dl& r.gulalor and vermclor supply. 
Meter oulputs are pmrlded lot monltodng recalnd sIpn.1 Inols, dlncrlrnlnalor output snd vsmctw lunlng 
rollage. RXMRIOVD ass.mblad and lasled 1118.85. D. Complele. mady l o  use cornmunlcallon system 
lor volce or mcw oparatlon. Idsal lor mpealer Ilnklng. A power supply capable 01 dellwrlnp 13 volts dc 
at 250 mA (lor e 10 mW renlon), mlcmphona. and headphone andlor loudspmaker are the only addltlansl 
Items needed lor op.rnllon. Tho Qunnpl.x.r cmn be nmor.d lor mmala mounllnQ to a tower or 2 or 4 
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longer and made of well-insulated wire buried 3 feet 
underground! 

In every case,a good (but not necessarily elaborate) 
earth ground is essential. 

propagation 
For about an hour, around sunrise and sunset along 

the main propagation path, signal strength and phase 
coherence are unreliable. During daylight hours (high 
sun angles) signals arrive entirely by ground wave and 
measurements performed then are theoretically most 
accurate. However, daytime weather along the route 
and noise spikes from power lines may be problems 
at times. 

At night, particularly at some distance, sky wave 
propagation is a factor. Initially, ground and sky wave 
may be of near equal strength, alternately canceling 
and reenforcing one another, giving rapid phase shifts, 
and affecting reliability. Later, sky wave can dominate; 
providing significantly higher signal strengths while 
weather noise decreases. This improved signal-to- 
noise ratio makes the binary information easier to de- 
code, although the varying path length will affect ac- 
curacy. 

circuit description 
The actual circuit design (see fig. 2 )  is straightfor- 

ward with only a few necessary subtleties. 01, Q2, 
and Q3 are used as variable gain amplifiers, which 
along with TI, T2, T3, and T4 form an RF amplifier 
having moderate selectivity. 0 4  and Q5 have emitter- 
base junctions wired back-to-back, which clip the peak 
output voltage and along with 0 6  derive an AGC volt- 
age that is fed back to gate 2 of the MOSFETs. The 
AGC time constant is selected to prevent noise spikes 
from desensing the amplifier while being slow enough 
not to demodulate the a-m signal. A 100-ohm 1/2-watt 
resistor with back-to-back diodes is included at the in- 
put for lightning protection. The AGC voltage is avail- 
able at TP1. 

construction 
At VLF layout is not critical and any reasonable 

materials, including perfboard, may be used. I prefer 
to build on one side of a copper-clad board and tack 
solder all components to this surface. Major com- 
ponents are glued or soldered to the surface and 
smaller pieces suspended in between. With care and 
practice, circuits can be quickly assembled, easily 
modified, and result in a finished product of surpris- 
ing mechanical stability. 

To begin construction, drill four holes in a row about 
1 inch (25 mm) apart and ream them out to snug fit 
coils T I  to T4. Make their bases level with the work- 
ing surface. Bend those terminals that need to be 
grounded 90 degrees and solder directly. Capacitors 

fig. 2. Single-sided solder tack construction technique is fast 
and mechanicallylelectrical sound. A few circuit improve- 
ments have been made so schematic differs slightly. 

and diodes can be soldered from the proper lugs to 
ground with short leads. Suspend the 40673 MOSFETs 
upside down by the coil lugs for the gate 1 and drain, 
the 100-ohm source resistor and bypass for the source, 
and the bypass capacitor for gate 2. Take care that 
the case doesn't actually contact ground. The other 
components are suspended between the MOSFETs 
and the circuit board. The board can be used for sup- 
port wherever a bypass capacitor is needed. Connect 
power and the test point (TP1) by feedthrough capac- 
itors and the input and output signals by coax con- 
nectors or phono jacks. 

alignment 
Verify the wiring. Now connect a jumper between 

TP1 and ground to reduce the receiver gain to a mini- 
mum. Apply 12 to 15 VDC and check the current 
(should be 10 to 15 mA). Check the voltage from 
source to ground at each transistor. This should read 
between 0.2 and 0.4 VDC. 

Connect a 60-kHz frequency sour,ce to the input and 
connect an oscilloscope to the output. An audio os- 
cillator can be used, but be careful that the frequency 
is within 100 Hz. Peak the coils starting with T4 and 
work backward, reducing the input when necessary 
to keep all stages in a linear range. 

If there is a problem, connect the oscilloscope to 
gate 1 of 02 and peak T1 and T2. Then move the 
probe to Q3 and peak T3. At this point reconnect to 
the output and retune T4 through TI. When properly 
tuned, selectivity is sharp and there will be a rapid 
drop-off as the test oscillator is tuned off frequency. 

At this point the receiver is ready for operation. 
Make certain you have a reference signal that can trig- 
ger the scope and is at a suitable submultiple frequen- 
cy. To check this, connect the audio oscillator to the 
vertical input and with the sweep time at about 5 
microseconds/cm, see if the sine wave can be frozen 
(synchronized) as the frequency is edged through 
60 kHz. 

Now connect the antenna to the receiver's input and 
the output to the vertical channel of the oscilloscope 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide DX Ham Band 
open 10 hours a day. 

* Rag Chew With Rare DX Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other AMSA T Membership Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P . 0 .  BOX 27 

Washington, DC 20044 

301 589-6062 
/ 247 

OSCILLATOR UNDER 

T E S T  

rPNTENNA 6 0  h H J  '1" I SIGNAL TO 

RECEIVER * VERTICAL CHANNEL 
2 V P-P 

EARTH y:IIIITT 
GROUND - RG.59/U 

fig. 3. Interconnections needed for phase comparison. 

(see fig. 31.WWVB should appear after the AGC lev- 
el adjusts. 

WWVB locking problems 
There are many factors that frustrate attempts to 

directly phase lock an oscillator to WWVB. The most 
obvious is that the signal is erratic during certain times 
of the day and a tight locking scheme could go awry. 
Secondly, for identification purposes, the signal phase 
is advanced 45 degrees at 10 minutes past each hour 
and returned at 15 past. There will be instability un- 
less offset circuitry is included. To avoid instability and 
other problems, you must start with a standard that 
is capable of maintaining short term stability of 0.0001 
ppm (parts per million) per day or better. Compare the 
phase daily when ground wave is dominant and com- 
pute the aging rates. Error correction information can 
then be fed back digitally to the oscillator control 
whenever necessary, irrespective of signal conditions. 

A more practical solution is to build or access the 
most stable oscillator possible and use this circuit to 
verify accuracy and, if necessary, make periodic ad- 
justments using WWVB. 

conclusion 
WWVB can be received at most locations in the 

United States using minimum circuitry and reasonable 
antenna systems. With an oscilloscope and a few 
divider ICs almost any oscillator can be calibrated to 
0.01 pprn or better. Calibration and temperature com- 
pensation of oscillators are facilitated because both the 
amount and the direction of frequency error are con- 
veniently displayed. 

sources of parts 
Digi-Key Corp., POB 677, Thief River Falls, Minnesota 
56701 
Jameco Electronics, 1355 Shoreway Road, Belmont, 
California 94002 

bibliography 
NBS Special Publication 432, U.S. Department of 
Commerce, National Bureau of Standards, Washing- 
ton, DC 20234 
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ham radio 
the "radio ground" on 
160 meters 
M y  good friend Stew Perry, W1 BB, 
is an avid 160-meter operator. He once 
told me that a fine "top-band" com- 
promise antenna for hams with little 
space was an extended Marconi work- 
ing against a good ground system. 
Taking hi:; advice, I put up a 165-foot, 
series-tuned long wire (resonant at 
1500 kHz.) working against ground 
(fig. I ) .  

The ground consisted of the cold 
water copper pipes in the house, plus 
two ground rods - one at each end 
of the house - and a single quarter- 
wave radial wire running through the 
bushes about 2 feet above the ground. 

This antenna worked quite well. 
However, when I went on 160 the ceil- 
ing light in the family room lit up! Ob- 
viously, lhe rf was getting into the 
house wiring somehow. 

Using an MFJ-206 Antenna Current 
Probe, tuned to 160 meters, I started 
"sniffing" the house wiring for rf 
energy. Aha! I could put the transmit- 
ter on low power, lock the key, walk 
through the house with the probe, and 
actually trace the electric wires hidden 
in the walls. The house's whole elec- 
trical system was "hot" with rf. 

My first thought was that the wir- 
ing was picking up induced rf energy 
merely by being in the near field of the 
antenna. But the amount of rf meas- 
ured seerned too high, considering the 
physical separation of the Marconi an- 
tenna from the house. If this was not 
the path, what was? 

The probe indicated that the power energy. Most confusing. The rig actu- 
cable to the transceiver was full of rf ally had two grounds on it, didn't it? 

They were the radio ground system I 
installed, plus the neutral and ground 
conductors of the power line (fig. 2). 
A little thought revealed the problem. 

separating the radio and 
electrical grounds 

/ I N S U L A T O R  ( T I P I  

----- nRO_P_E- 

jTOTAL L=16511--* 

,f 5 0 0  

RADIO GROUNO 

fig. 1. The series-tuned Marconi for 160 
meters depends on a good radio ground 
to function properly. Do not let the pow- 
er distribution ground get mixed up with 
the  radio ground. 

POWER 

l t O V  '-------I 
OISTRIBUTION 
TRANSFORMER 

\ I LINE SW I 

POWER L l N E  
GROUNO 

I 
I 
I 

L - -  ----I 
RAOlO 
GROUNO 

fig. 2. RF  ground currents reach earth via 
the equipment power line as well as by 
the radio ground (arrows). RF and radio 
grounds should be decoupled by placing 
an rf choke in the power line. 

Figure 2 shows that two ground 
points exist: the intentional radio 
ground at the equipment, and the elec- 
trical ground at the power distribution 
transformer. The latter serves as a 
radio ground, as rf ground currents in 
the antenna circuit return via both 
paths. The unwanted path through the 
power cable is closely coupled to the 
other power conductors and feeds rf 
energy into them. And, if the power 
wiring has appreciable impedance at 
160 meters, any rf fed into the power 
line can wander into some very unlikely 
places. 

My solution was to wind the line 
cord of the transceiver around a fer- 
rite rod (Amidon R-33-050-750). 7-1 12 
inches long, and 1 /2 inch in diameter. 
This was held in place by two plastic 
cable wraps. The rf antenna current 
immediately increased 30 percent ( 1 )  

after the line choke was installed. En- 
couraged by this success, I took an 
8-foot extension cord, wrapped ~t 
around a second ferrite rod, and 
placed it in series with the first line 
choke. This increased the antenna cur- 
rent an additional 5 percent and the 
family room light did not go on when 
I hit the key. 

March 1988 53 



I "sniffed" the house wiring with the 
probe again. There was still a little rf 
present, but it was greatly reduced. It 
looked as if the problem was solved. 

problems with a linear 
amplifier 

Now that everything had cooled off, 
I decided to put my 160-meter, home- 
made linear amplifier on the air. It uses 
a single 3-5002 and runs about I - k W  
PEP input. 

As I fired it up, a loud cry came from 
the other end of the house. The family 
room lights magically turned them- 
selves on, along with the light in the 
entry hall! 

Since I had used up all my ferrite 
rods, I found a fine industrial rf filter 
for the 240-volt line in the junk box. It 
was a well-known brand built in a nice 
plastic box with heavy conductors on 
each end (fig. 3). Unfortunately, plac- 
ing it in the power line to the amplifier 
made no difference in the amount of 
rf in the power line. 

It seemed that the impedance of the 
power line neutral wire was sufficiently 
high at 160 meters to allow the neu- 
tral to rise above rf ground at the filter. 
If this guess was correct, the capaci- 
tors in the filter served merely to by- 
pass the rf around the line chokes. 

Grounding the common point of the 
capacitors to the radio ground at the 
amplifier helped but did not solve the 
problem. Now the amplifier had a radio 
ground point, plus two power line 
ground points: one at the distribution 
transformer and a second at the trans- 
mitter radio ground. This complex 
grounding situation left me uneasy, so 
I tossed out the 240-volt line filter and 
wrapped the power cord to the ampli- 
fier around two ferrite rods held to- 
gether with plastic tape. (I used two 
rods because the amplifier power cable 
was heavy and difficult to wrap around 
a single rod.) 

I was happy to note that the lights 
no longer blinked as I keyed the am- 
plifier. All was as it should be. Thus I 
learned that when a Marconi antenna 
is used, the ground system may be 
more complex than it looks. It is im- 
portant to decouple the power line 

2 4 D V  
DlSTRlBUTlON 
TRANSFORMER 

r-------I m;g 
NCUTRIL  GROUND f 

CJ C 4  

I I 
I I 
L -------- 1 

POWER L I N E  
FILTER 

fig. 3A. Typical power line filter. If a me- 
tal box is used, it is grounded to neutral 
wire. 

fig. 38. If rf impedance of power line is 
high at the operating frequency, the 
ground return point A is not at ground 
potential and line capacitors act as 
bypasses around the line chokes. 

from the rf ground system, and the 
easiest way to do this is to wrap the 
power cable around a ferrite rod. The 
old-style line filter made up of induc- 
tors and capacitors just doesn't do the 
job if the neutral line is used as the filter 
return ground point. 

a two-band dipole antenna 
Much is written about two-band an- 

tenna designs using tuned traps in the 
radiating element. A different ap- 
proach is shown (fig. 4) in a design by 
Ron May, VKIPM. 

This dipole covers the 80 and 40- 
meter bands. On 40 meters, the center 
section of the antenna acts as a fold- 
ed dipole with a feedpoint impedance 
of about 300 ohms. The end sections, 
each a quarter wavelength long, are 
decoupled from the antenna and act 
as linear traps. On 80 meters, the full 
length of the antenna forms a half- 
wave element, fed with a T-match to 
the 300-ohm feedpoint. A 300-ohm 
TV-type feedline, with a 6:l balun at 
the end, is used to match a nominal 

50-ohm feedpoint (Palomar PB-6 ba- 
lun). A coax line runs from the balun 
to the station. Overseas Amateurs us- 
ing 75-ohm coax can use a 4:l balun. 

The idea can be applied to any two 
harmonically related bands, such as 
40120, or 20110 meters. 

HBSADQ delta loop for 
7/14/21 128 MHz 

The delta loop shown in fig. 5 can 
operate on four bands. Maximum cur- 
rent is in the horizontal wire for best 
low angle radiation. The loop can be 
slung between two trees for ease of in- 
stallation. Maximum radiation is at  
right angles to the plane of the loop 
(into and out of the page). 

The loop is fed with a two-wire 
transmission line. The original design 
called for a 600-ohm line, which could 
be made up easily by any old-timer 
who has had experience building a 
Zepp antenna. Modern substitutes are 
the Saxton Products Corp. 1562 insu- 
lated open wire line (using a polyethy- 
lene web) or the 2500 open-air line. 
The length of the line is adjusted for 
minimum SWR on the coax feedline. 
When the 600-ohm line is used, a 20- 
pF capacitor is connected across the 
feedpoint. 

---- 134 #I------- 

C -- 6711-1 

50fl COAX 

fig. 4. The 80140 meter dipole of VKlPM 
is made of 300-ohm twin lead, as is the 
feeder. Jumpers between the two con- 
ductors are placed as shown. The end 
wires of the dipole are left open. 

The open wire line can be extended 
to reach the station where it is fed with 
an antenna tuner that provides bal- 
anced output in the range of 100 to 600 
ohms. 
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The loop need not be in the vertical 
plane. It can be laid on the side or at 
a 45 degree angle and still do the job. 
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SPECIALIZED 
COMMUNICATIONS 
FOR TODAY'S RADIO AMATEUR! 

Our \ P 

Since 1967, covering all modes of 
A n i a t e u r  R a d i o  " s p e c i a l t y "  
conimunications: Fast Scan TV,  SSTV, 
FAX. I'acket Radio, Computers. R'ITY, 
AIMTOR, Satellites. TVRO. hlicronave. 
I,aers and more! 10 issues per year. 
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1l.S. suhscril~erz S20lyear. Foreign 
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Issue. 
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Publishing Group 
P.O. Box H ,- 
Lowden, Iowa -, -' 
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The "Flying Horse" 
se ts  the standards 

Cont inu ing a 67 year t rad i t lon,  w e  br ing 
YOU three n e w  Cal lbooks fo r  1988. 

The  N o r t h  American Cal lbook lists the calls. 
names. and  address i n fo rma t ion  fo r  478.000 
l icensed rad io  amateurs i n  al l  countr ies o f  
N o r t h  A m e r ~ c a ,  f r o m  Canada t o  Panama 
Inc lud ing Greenland. Bermuda, and the 
Caribbean islands plus Hawaii  and  the  
u.S. possessions. 

The ln ternat iona l  Cai lbook lists 481.000 
l icensed rad io  amateurs i n  countr ies outside 
N o r t h  America. I ts coverage includes South 
America. Europe. Africa. Asia, and the 
Pacific area (exclusive o f  Hawai i  and  the 
U.S. possessions). 

The  1988 CalibookSuPPlement i sa  new idea 
i n  Cal ibook updates. l ist ing the act iv i ty  i n  
b o t h  the N o r t h  American and  ln ternat iona l  
Callbooks. Published June 1, 1988. this 
Supplement w i l l  include thousands o f  new 
i~censes, address changes, and  call sign 
changes fo r  the Preceding 6 months. 

The 1988 Callbooks w i l l  be Published 
December 1, 1987. See y o u r  dealer o r  order 
n o w  d i rec t ly  f r o m  the Publisher. 

0 N o r t h  American Cal lbook 
incl .  shipping w i t h i n  U S A  $28.00 
incl .  shipping t o  foreign countr ies 30.00 

0 In ternat iona l  Cal lbook 
incl .  shipping w i t h i n  U S A  $30.00 
incl .  shipping t o  foreign countr ies 32.00 

o Cal lbook Supplement. publ ished June 1st 
incl .  shipping w i t h i n  U S A  $13.00 
incl .  shipping t o  foreign countr ies 14.00 

SPECIAL OFFER 
o Bo th  N.A. & ln ternat iona l  Callbooks 

incl .  shlpping w i th in  U S A  $55.00 
incl .  shipping t o  foreign countr ies 60.00 

. * . * * * * * * * . *  
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amateur packet radio 
networking and protocols: part 2 

OSllRM levels and 

the AX.25 packet 
radio protocol 

This is the second article in a three part series on 
networking and protocols in amateur packet radio. 
Last month I introduced the subject of networks and 
protocols with examples of various systems. 

Part 2 gives more detailed information on the initial 
layers of the OSIIRM introduced in Part 1 and their 
relation to amateur packet radio. Also examined is the 
AX.25 packet radio protocol. Portions of this series 
are excerpted from my book, The Packet Radio 
Handbook." 

OSIIRM and amateur packet radio 
There are three levels of OSIIRM (Open Systems 

Interconnection Reference Model) currently imple- 
mented in amateur packet radio in the United States: 
the physical, data link, and rough forms of the net- 
work layer. We will discuss the first two. Levels and 
protocols now under development will be covered in 
Part 3. 

physical layer 
The physical layer is well prescribed and the Bell 202 

and 103 are its most widely used modclation stan- 
dards. The RS-232C asynchronous serial interface is 
another physical layer standard and more should 
emerge when high speed modems and new modula- 
tion schemes are developed. 

Encoding technique is an area of the physical layer 
involved in transmission of data which defines the for- 
mat of the modulated signal. In RTTY and Amateur 
packet radio, a bipolar format is used. In bipolar key- 

"Available from the ham radioBookstore for $14.95 plus $3.50 sh~pping and 
handling. 

ing, two different levels are used to represent a 1 and 
a 0. This is an improvement over unipolar keying where 
a single tone indicates a 1 and the absence of a tone 
a 0. (See fig. 1.) 

Bipolar keying takes several forms. NRZ (NonReturn 
to Zero) or NRZ-L (NRZ-Level) is used by regular 
Baudot RTTY and AMTOR. In NRZ, a 1 is represent- 
ed by a particular level or tone, and a 0 by another. 
See fig. 2. 

NRZ-I (NRZ Inverted) or NRZ-S (NRZ Space) is the 
bipolar method employed by most packet radio sta- 
tions and supported by all manufactured TNCs. In 
NRZI, a binary 0 causes a switch (or transition) be- 
tween signal levels while a binary 1 remains at the cur- 
rent level. The two signal levels can also be referred 
to as "maik" and "space" levels. 

Other forms of bipolar keying encoding techniques 
are: NRZ-M (NRZ-Mark; the opposite of NRZ-S), PPM 
(Pulse Position Modulation), PDM (Pulse Duration 
Modulation), and Manchester I and II. These and other 
encoding techniques are discussed on pages 19-39 of 
the 1986 ARRL Handbook. 

data link layer 
The data link layer in amateur packet radio is also 

well prescribed. The AX.25 protocol is the most com- 
mon and is supported by the majority of commercial 
TNCs. The V-I  (VADCG-Vancouver Amateur Digi- 
tal Communications Group), and V-2 protocols are 
other data link layer protocols. These differ from AX.25 
in many respects, however, all three protocols are 
based on the HDLC IS0 standard. 

HDLC 
High-level Data Link Control (HDLC) is the data link 

layer (level 2) of X.25 and is defined in the following 
IS0 standards: IS0 3309, ISOIDIS 4335, ISOIDIS 
6156, and ISO/DIS 6259. HDLC is responsible for 

By Jonathan L. Mayo, KR3T, 1817 Saratoga 
Court, Allentown, Pennsylvania 18104 
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fig. 1. Keying techniques: Unipolar ,vs. Bipolar. 

delivering error free data throughout the network. It 
also isolates the upper levels from the physical layer. 
Data is broken up into blocks (frames) for transmis- 
sion. The user data (actual data sent through the net- 
work by the users) is called data or information. 

HDLC consists of three sublayers: 1) transparency 
of the bit stream, 2) frame format, and 3) coopera- 
tion between stations. Before continuing this discus- 
sion of HDLC, an explanation of the differences 
between COPs and BOPs is necessary. 

COP stands for Character Oriented Protocol. Two 
examples are ANSI X3.28 and IBM Binary Synchro- 
nous Communication. In a COP, the data being sent 
must be represented as characters of specified length 
- usually seven or eight bits (one byte) - so there 
is a limit to the type of information that can be trans- 
mitted. All transmission lengths must be a multiple of 
the specified character length. COPs are helpful if just 
text is being transmitted, but less useful in packet radio 
which is designed to send any type of digital data in- 
cluding characters of different lengths, graphics, and 
special formats. In packet radio, transmission size must 
also be condensed as much as possible. BOPs (Bit 
Oriented Protocols) come in handy here. 

BOPs permit the transmission of any format of dig- 
ital data. A good example of a BOP is HDLC along 
with the amateur packet radio data link layer protocols. 
If control information is only 3 or 4 bits long, BOPs 
will only consume 3 or 4 bits, not a full 7 or 8 as 
COPs do. 

In the first sub-layer of HDLC, transparency of the 
bit stream, all data being transmitted must be pack- 
aged the same. HDLC must be independent of the 
data sent and simply delimit (mark the beginning and 
end) frames. No special length bits or signaling ele- 
ments can be used and all data should pass through 
the physical layer without alteration or processing. A 
flag - a special binary sequence found only at the be- 
ginning and end of a frame - is used to do this. The 
flag used in HDLC is 01 11 11 10 and must not appear 
anywhere else in the frame. 

To keep flags out of the user data, the information 
is examined, and a 0 is inserted after every five con- 
secutive 1 bits. This is called bit stuffing. The receiv- 

N R 2  

N R P I  1 1 I 

1 ~ 1 0 1 0 l ~ l ~ l ~ 1 0 1  

fig. 2. Encoding techniques: NRZ vs. NRZI. 

ing station corrects for this by removing the stuffed 
bit after a sequence of five I s  if it is a 0; if the bit is 
a 1, it will not be removed as the sequence of ones 
is part of a flag. 

In the second sub-layer, the frame format, all data 
is segmented and sent in frames delimited by flags. 
The components of the frame between the two flags 
are: addresses, control information, data, and the FCS 
(Frame Check Sequence). Figure 3 shows the HDLC 
frames. Frame components are described below. 

The first frame component following the initial flag 
is the address. In HDLC this includes the address of 
the originating and destination station. The address- 
es are usually numerics, but AX.25 uses callsigns in- 
stead of numbers and includes digipeaters in this 
section. 

The next section (or field) in the HDLC frame is con- 
trol information. Depending on the type of frame, con- 
trol information can consist of several things. The three 
types of frames defined under HDLC are: information, 
supervisory, and unnumbered. The control field is 
made up of 8 bits. 

Information frames are used for data transfer (to 
carry user information). Bit 1 of the control field of an 
information frame is a 0, bits 2 through 4 represent 
the iransmitting station sequence number (often called 
transmit count), bit 5 is the polllfinal bit, and bits 6 
to 8 represent the receiving station sequence number 
(receive count). 

Supervisory frames are used to control data flow. 

INFORMATION FRAME 
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fig. 3. HDLC frames. The numbers in parenthesis indi- 
cate the total number of bits in that particular field. The 
information field is usually a multiple of eight bits. 
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Bit 1 of a supervisory frame's control field is a 1, bit 
2 is a 0, and bits 3 and 4 represent the supervisory 
frame type indicator. Bit 5 is the polllfinal bit, and bits 
6 to 8 show the receive count. 

Unnumbered frames control the link. Bits 1 and 2 
of the control field of an unnumbered frame consist 
of ones, bits 3 and 4 are modifier bits, bit 5 is the 
polllfinal bit, and bits 6 to 8 are modifier bits. 

Each station involved in a link maintains counters 
for the number of information frames sent and re- 
ceived. These counters are the "sequence number" 
or "count". They are sent in the control field of each 
information frame, and used to check the sequence 
of received frames and acknowledge their reception. 

The HDLC frame component next to the final flag 
is the FCS. The FCS is a cyclic redundancy check 
(CRC) performed on a frame - an error detection 
scheme in which a check character is generated by 
dividing the entire numeric binary value of a block of 
data by a generator polynomial. The FCS value is sent 
along with the data, and at the destination station, is 
recomputed from the received data. If the received 
FCS matches the one generated from the received 
data, the data is considered error free. 

Computation of the FCS starts with the first bit after 
the opening flag and ends with the last bit preceed- 
ing the FCS. For details on FCS methods, see IS0 
standard 3309. 

Cooperation between stations, the last sub-layer, 
is handled by special frames recognized by HDLC as 
commands and responses. Three tasks of command 
and response frames are to establish connections, ac- 
knowledge receipt of frames, and handle disconnects. 
Specifics of the different commands and responses 
used by HDLC to manage the link layer in Amateur 
packet radio are discussed under the appropriate pro- 
tocols. 

AX.25 has become the standard level 2 protocol in 
Amateur packet radio. It is very similar to the level 2 
protocol of the X.25 standard; thus the name 'AX.25' 
('A' is for Amateur). The original version of AX.25 has 
been around for a while and minor incompatibilities 
existed between various implementations until the 
ARRL Ad Hoc Committee on Amateur Digital Com- 
munications finished a revised version of the AX.25 
standard in 1984. 

The ARRL version of AX.25 is called AX.25 Version 
2 and the earlier AX.25 protocol is now AX.25 Ver- 
sion I. The more popular AX.25 Version 1 protocol 
was developed by Tucson Amateur Packet Radio 
(TAPR). There are both similarities and incompatibili- 
ties between these versions of AX.25. 

AX.25 follows the same frame format as HDLC. The 
main differences are that 1) the address field has been 

extended to permit amateur radio callsigns as address- 
es and 2) unnumbered information frames may be 
transmitted. 

A description of the various components of an 
AX.25 frame (see fig. 4) follows. 

The flag is identical in function and design to that 
used in HDLC. 

The address field is made up of a minimum of one 
amateur radio callsign belonging to the sending sta- 
tion in a unnumbered information frame (the destina- 
tion is set to a dummy address). In most cases, the 
destination station's callsign is included. Up to eight 
digipeater callsigns may also be added. There is a max- 
imum number of ten callsign addresses in the AX.25 
address field. 

Each callsign requires seven groups of eight bits 
(eight bits = one byte = one character or an 'octet'). 
Callsigns consist of uppercase ASCII characters and 
numbers. The first six characters are allotted for the 
actual callsign; if the callsign is less than six charac- 
ters in length, spaces are added to the end. The sev- 
enth character is the SSID (Sub-station IDentifier or 
Secondary Station IDentifier) and ranges from 0 to 15. 
Only four bits of the eight available for the SSlD are 
used. The first and last bits are set to 0 and the re- 
maining two are reserved for future use. 

The SSlD of a digipeater carries additional informa- 
tion. To avoid a digipeater repeating a frame twice, 
the last bit of the SSlD is set to 1 once the frame has 
been digipeated by that station. 

The control field is made up of one eight bit group 
(an octet) and is used to identify the type of frame: 
information, unnumbered, unnumbered information, 
and supervisory. It also contains the frame count num- 
bers used for acknowledgements and special signals 
for establishing and maintaining connections (com- 
mands and responses). 

A Protocol IDentifier Field (PID) is included with in- 
formation frames. It identifies what kind of network 
layer protocol, if any, is being used. 

INFORMATION llND UNNUMBERED INFORMATION FRAMES 
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The information field contains the user data being 
transmitted and is most often divided into a multiple 
of octets; the maximum is 256. 

The FCS is the same as that used in HDLC. 
Each transmission is usually preceded by a series 

of sixteen alternating bits giving the receiving station 
time to synchronize to the signal. 

AX.25 is actually a subset of the HDLC standard as 
it does not implement the full range of features de- 
fined in HDLC. It is based on the LAP6 (Link Access 
Procedure Balanced) subset of HDLC. 

In a "normal" HDLC network, there are frequently 
several slave stations (user terminals) linked to a cen- 
tral controller or host system (also called a primary or 
master station). The master station is usually more "in- 
telligent" than the slave stations and better able to 
manage the link. This configuration, with one intelli- 
gent master station linked to a less intelligent slave sta- 
tion, is unbalanced because the stations possess 
unequal capabilities. 

In amateur packet radio, the goal is for each sta- 
tion to have equal capability in a balanced configura- 
tion eliminating the need for a master or host station. 
This type of station arrangement is supported by LABP 
under HDLC. 

A discussion of the frames used by AX.25 to estab- 
lish connections, acknowledge frames, and disconnect 
follows. 

Unnumbered frame control fields are either com- 
mands or responses. Unnumbered frames handle all 
communications between stations when no connec- 
tion has been established. There are six different un- 
numbered frames defined in AX.25. 

SABM (Set Asynchronous Balanced Model is a 
command which sends a connect request to another 
station. The control field in this frame contains a spe- 
cial sequence of bits identifying it as a SABM frame. 
The SABM command places two stations in asyn- 
chronous balanced mode (meaning they are con- 
nected). 

DISC, the next unnumbered frame and another 
command, is used to send a DlSConnect request ter- 
minating a connection with another station. 

D M  (Disconnect Mode), is a response sent when- 
ever a station receives any frame other than a SABM 
while disconnected. It can also be sent in response 
to a SABM frame to indicate the station is not 
available. 

The UA (Unnumbered Acknowledge) response is 
sent as an acknowledgment for unnumbered frame 
commands. A received command is not executed until 
a UA frame has been sent. 

FRMR (FRaMe Reject) is also a response. It is sent 
when a station receives a frame that cannot be proc- 
essed. This response is usually sent when a frame 
clears the FCS check but is not recognized by the sta- 

tion's protocol. Two situat~ons when this might occur 
are the reception of a command or response not de- 
fined in the protocol, or an information frame whose 
information field exceeds the maximum allowable 
length. 

UI (Unnumbered Information) is an addition to the 
X.25 protocol included in AX.25. The UI frame lets an 
information field be transmitted without first establish- 
ing a connection. These frames are not acknowledged. 

Once a connection is established using the above 
commands and responses, AX.25's function is to 
transfer error free data between the two stations. It 
does this by using one of three of supervisory frames. 

The RR (Receive Ready) response indicates that the 
sending station is able to receive information frames, 
acknowledge the reception of irlformation frames, and 
clear an RNR response previously set by the station. 
The RR frame acknowledges the reception of infor- 
mation frames by including the receiver count indicat- 
ing which frames have been correctly received. The 
other station can examine the count and update the 
next packet to be sent according to what frames can 
now be "forgotten". 

To indicate that the sending station is temporarily 
busy and unable to accept more information frames, 
a RNR (Receive Not Ready) response is sent. This 
might occur when the receive station's buffer is full 
and it sends an RNR to the other station telling it to 
hold further information frames until the buffer can 
receive them. The RNR condition can be cleared by 
sending a UA, RR, REJ, or SABM frame. 

The REJ (REJect) response requests the retrans- 
mission of information frames received out of se- 
quence. The frame(sl to be retransmitted are indicated 
by the receive count in the frame's control field. The 
REJ condition is cleared when the frames are proper- 
ly received. 

AX.25 follows certain steps when connecting and 
disconnecting from another station. 

When a user types a "C KR3T" at the command 
prompt and presses the RETURN key, the TNC pre- 
pares a SABM frame containing the user's call and 
KR3T in the address field. The TNC then checks to 
see if the channel is available (CSMA) and transmits 
the SABM frame if it is. 

KR3T receives the frame and finds its call in the des- 
tination address. If connect-ok (CONOK) is on and the 
TNC is free to establish a connection, KR3T sends a 
UA frame to the originating station and is connected. 
If CONOK is off, KR3T sends a DM frame to the orig- 
inating station. 

Assuming KR3T is available and the originating sta- 
tion has received the UA frame from KR3T, it too be- 
comes connected and information frames are used to 
transfer data between them. Both stations keep re- 
ceive and transmit counters current. 
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"America's Weekly Guide to Satellite TV" I 
The best in satellite program- 
ming! Featuring: + Over 120 
Channels listed + Weekly, 
Updated Listings + Magazine 
Format + Complete Alpha- 
betical Movie Listings 
+ Sports Specials + Prime 
~ i m e    rids + Specials 
+Programming Updates! 

Only $45.00 per year (52 weekly issues) 
2 Years $79.00 (1 04 weekly issues) 
$1 .OO for sample copy 

'NC Res~dents must add 5% Sales Tax 

Subscribe Today! 
cal l  toll free 1-800-234-0021 
Visa' and Mastercard' accepted 

Onsat Po Box 2347 Shelby, NC 28151-2347 ( // 1 

The new STV Guide con- 
tains valuable information on 
zoning regulations, scram- 
bling, plus,technical tips for 
installing or updating a satel- 
lite system-and now a pre- 
cise monthly guide to satel- 
lite N with the latest pro- 
gram listings for over 90 
channels! 

All this in each complete issue of STV Guide! 

Only $48.00 per year (1 2 monthly issues) 
$2.00 for a sample copy 

'NC Res~denls must add S o 0  sales tax I 
Subscribe Today! I 
Call tol l  free 1-800-234-0021 
Visa' and Mastercard' accepted 

STVGuide PO Box 2384Shelby, NC28151-2384 

The RR frame is used to acknowledge the receipt 
of information frames. If a frame is received out of se- 
quence by one of the stations, it sends a REJ to the 
other and the frame is retransmitted. 

When one of the stations wants to end the connec- 
tion, he returns to command mode and enters "D" 
at the prompt. His TNC then sends a DISC frame to 
the other station which, in turn, sends him a UA frame 
acknowledging the disconnect request and breaking 
the connection. When the first station receives the UA 
frame, it also disconnects. 

A few points in the previous section on the AX.25 
link layer protocol may not seem to fit the description 
of the data link layer given in Part 1 of this series. 
These discrepancies include the addition of digipeat- 
ers and the use of end to end acknowledgements. 

Digipeaters seem to fall under the control. f the net- 
work layer protocol, not the data link layer, and in 
many respects this is true. However digipeaters are 
not, by any means, full fledged level 3 network nodes 
but rather a simple arrangement added to allow for 
rudimentary networking. The user must select the 
digipeaters used; the TNC does not contain automat- 
ic routing tables or other means of independently 
selecting digipeater routes. Digipeaters will most like- 
ly disappear as more advanced network nodes and 
level 3 protocols emerge. 

In the OSIIRM the end to end acknowledgements 
would seem to be the responsibility of the transport 
layer (level 4).  This layer is responsible for the proper 
reception of frames from station to station through the 
network. In AX.25 there is no network layer protocol 
implemented yet, so point to point acknowledgements 
of the data link layer are simply extended over the 
digipeater path. If the digipeaters are eliminated from 
the path, the acknowledgment returns to a point to 
point acknowledgment as used by the data link layer. 
Once network nodes are implemented, they will use 
point to point acknowledgments between nodes and 
a transport layer acknowledgnient between the two 
end stations. 

summary 
This article detailed the first two levels of the 

OSI/RM as they relate to Amateur packet radio. Also 
included were a discussion of HDLC (upon which most 
current Amateur packet radio level 2 protocols are 
based), and an examination of the AX.25 data link pro- 
tocol. Part 3, the final article in this series will cover 
other level 2 packet radio protocols and discuss the 
remaining layers of the OSIIRM. 

If you have any questions or comments, you can 
write to me at the address listed or leave a message 
on CompuServe; my User ID is 72276,2276. 

ham radio 
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parametric amplifiers 
Parametric amplifiers can operate 
with very low noise in the UHF and 
microwave regions of the electromag- 
netic spectrum. Noise temperatures 
from 100 to 270 degrees Kelvin (1.4 to 
2 dB noise figure) were reported in un- 
cooled parametric amplifiers as early as 
1970, and more recent devices offer 
even better performance.' As a result, 
parametric amplifiers are sometimes 
used as low noise amplifiers (LNA) in 
the input stages of VHFIUHF and 
microwave communications receivers. 

The name parametric amplifier was 
chosen because amplification occurs 
through the excitation of a circuit 
parameter. This is actually a misnomer 
because it is the reactance parameters 
(X, and XL) that are excited. A better 
name might be reactance amplifier.' 
The parametric amplifier is fundamen- 
tally different from other LNAs be- 
cause it uses a passive device for 
amplification. In this type of amplifier 
circuit a reactance is used as the am- 
plifying element. A perfect reactor 

power and ideally produce no Johnson 
(thermal agitation) noise. In practical 
circuits, resistive losses do occur and 
Johnson noise is present. By varying 
the reactance at a rapid rate, energy 
is stored and discharged by the reac- 
tance and is used to amplify the sig- 
nal. Although either capacitors or 
inductors can be used in parametric 
amplifiers, the capacitive reactance is 
used in practical circuits because suit- 
able voltage variable capacitance 
diodes ("varactors") are available. 
However, other processes inside a 
diode generate noise and while para- 
metric amplifiers exhibit low noise fac- 
tors, the level is not zero. 

The capacitance of a varactor is a 
function of the reverse-bias potential 
applied across the PN junction of the 
diode. A typical varactor useful in 
parametric amplifiers has a breakdown 
voltage of - 4  to - 12 volts, and a 
zero-bias junction capacitance of 0.2 
to 5 picofarads. The cutoff frequency 
should be 20 GHz or higher. General- 
ly, noise figure improves with higher 
diode cutoff f req~encies.~ 

switch, both series and parallel con- 
nected diodes can be used. The sig- 
nal and pump waveform (see fig. 1B) 
are phased so that the diode capaci- 
tance is fully charged when the pump 
signal peak occurs. Because the 
charge is constant, the voltage in- 
creases by the relationship V = Q/C 
in step with a pump voltage reduction 
of diode capacitance. 

Parametric amplification occurs 
when the peak of the pump signal 
coincides with the positive and nega- 
tive peaks of the signal waveform. As 
the pump voltage peaks the diode 
capacitance decreases to a minimum, 
and the capacitor's charge is dumped 
to the load. Phasing must be precise 
to achieve degenerative parametric 
amplification. This occurs when the 
pump frequency is twice the signal fre- 
quency. However, this precise phas- 
ing requirement means 'that drift in 
either signal can reduce the gain or 
prevent the circuit from operating. 
Using nondegenerative or regenerative 
parametric amplifier circuits is a broad- 
er bandwidth approach. 

stores and discharges energy, but does Parametric amplifiers can be oper- 
not dissipate power. Capacitive reac- ated in either of three modes: degener- nondegenerative and 
tors store energy in an electrostatic ative, nondegenerative, and regener- regenerative parametric 

field, while inductive reactors store ative. We will consider these modes, amplifiers 
energy in a magnetic field. Parametric and provide a tool for evaluating para- In a nondegenerative parametric 
amplifiers store energy from an rf metric amplifier circuits. amplifier a third frequency, known as 
"pump" signal in the reactance, and an idler, fi, is used in addition to the 
then switch it to the load under the in- degenerative parametric signal and pump frequencies, f, and 
fluence of the input signal. Addition of amplifiers fp. In fig. 2 a third resonant tank cir- 
stored energy to the signal at the out- Figure 1A shows a basic paramet- cuit (L,C,) tuned to f i  is indicated. The 
put of the amplifier causes power am- ric amplifier. A varactor diode switches idler is the output frequency of the cir- 
p l i f i ca t i~n .~  the signal on and off to the load as an cuit which also operates as a frequen- 

The parametric amplifier has low external pump signal is applied. Al- cy translator or converter. 
noise because reactances dissipate no though shown as a series connected There are two general cases of rjon- 
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Handheld DX Specifications 

with the 

The idea of handheld DX seems far- 
fetched, but it's actually very simple. The 
DX Handy is a battery powered (six penlight 
AA drycells included) SSBICW transceiver 
with two watts output. DX Handy can also use 
nicad rechargeable batteries, or be powered 
with 9 VDC. 

Two variable crystal oscillators (VXOs), 
each with 50 KHz range, can be selected 
with a top panel switch. Crystals for 28.250 
to 28.300 and 28.300 to 28.350 Mhz are 
included, and other crystal ranges for the 
10 meter band are also available at a 
nominal cost. 

CW operation can be by either the built-in 
push button or with an external key or keyer. 
External speaker and microphone jacks are 
also provided, and the telescoping antenna 
is included. The DX Handy also has a top 
panel S-meter/ output power meter and an 
effective noise blanker circuit. DX Handy is 
housed in an attractive gray metal case com- 
paring in size to popular VHF FM handhelds. 

Ten meters is coming back strong. With DX 
Handy all amateurs, novice to extra class, 
can enjoy the thrill of working handheld DX. 

AEA 
Advanced Electronic Applications 

General 
Frequency Coverage: Any two 50 KHz segments in the 
28.C-29.0 MHz Amateur Band 128.25-28.30 and 28.30-28.35 
MHz supplied) 
Frequency Control: VXO provides 50 KHz of continuous tuning 
wlth a single crystal 
Freouencv Stabilihl: Within + 500 Hz from a cold start 
~ntenna: '50 ohms Unbalanced. BNC connector 
Power Requirement: 8.4-9.0 VDC 
(Included): 6-AA Dry Cells (1.5 voltlcell) = 9.0 VDC 
(Opt~onal): 7-AA NlCads (1.2 VolVcell) = 8.4 VOC 
Current Drain: Receiving - Approx. 70 mA 

Transmlhing - Approx. 620 mA 
Dimensions: (W) 66mm . (H) 39mm (D) 142mm 
Weight: 710 Grams (1 Ib. 9 oz.) w~th batteries and 
antenna w Ransrnirter 
Outpul Power: 2 Watts at 9.0 VDC 

c* Em~ss~on modes: A3J (USE) and A1 (CW) 
Spunous Emnsms: More than 40 dB down 

, . .  Receiver 
Sens~tlvity: less than 0.5 uV for 15 dB SM 
lntermedlate Frequency: 11.2735 MHz 

Controls and Indicators 
' d' . OnIOff Volume control Top 
& mounled Polentiometer 

Receiver Incremental Tunlng 
(RIT) Top mounted 
Potentlometer w~th center 
off detent posltlon 

Frequency Top mounted 50 
KHz VXO . Frequency Range Top mounted 
2-wsltlon swltch . - . NO IS^ Blanker: Top mounted 

PI" -k, , oi On'Oft switch 
- 2 1  SIRF meter: Top mounted SiRF 

-" P meter 
Bull1 In CW key: Top mounted 
momentary switch 
Extemal Speaker output: Top 
mounted '/,hl( phone jack . External Microphone input: Top 
mounted '1; phone lack 
Antenna Connector: Top 
mounted Female BNC 
Transmlt Indicator: Top mounted 
Transm~t LED . Push-To-Talk: Side mounted 
momentary switch 
External Power: Bottom 

2 mounted 2.1 mm coaxial . Extemal key input: Bottom 
mounted '/t" ohone lack 

P.O. Box C2160 Mode Selectbr ~wltdh Bottom 
mounted 2-pos111on swftch 

Lynnwood, WA 98036-091 8 Charge External Power Bottom 

(206) 775-7373 mounted 2-posltlon swltch 
select~ng 12 VDC external power 
luncl~on 

AEA m a i l  5379.95 Amateur Net $31 9.95 spntlicalnns and ptces suhlM IO change VA~I~ I~  mice w mwlm 

,.- 259 
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' P  
(PUMPJ 

fig. 1A. Representative parametric am- 
plifier circuit. 

degenerative parametric amplifiers: up- 
converters and downconverters. In the 
upconverter the idler frequency is the 
sum of the pump and signal fre- 
quencies: 

fi = f, + f, 
In the downconverter, the idler fre- 

quency is the difference between 
pump and signal frequencies: 

fi = f, -f, 
Power gain is defined as the ratio of 

the output to  input power. In the case 
of a lossless circuit the gain of the up- 
converter (fi greater than f,) is: 
G - fi / fs 

The downconverter actually shows 
a loss (attenuation), rather than a pow- 
er gain. 

The third category of parametric 
amplifiers is the regenerative circuit, 
and is actually a special case of the 
nondegenerative amplifier. In the re- 
generative amplifier the pump frequen- 
cy is the sum of the signal and idler 
frequencies. The power transfer direc- 
tion is reversed, implying a negative 
resistance characteristic and the result- 
ing circuit is regenerative. If prevent- 
ed from oscillating, low noise and very 
high gain are achieved. 

noise in parametric 
amplifiers 

The low noise capability of the para- 
metric amplifier results from the use of 
a reactance instead of a resistance for 
the amplifier element. In an ideal para- 
metric amplifier the noise figure is zero. 

, I I , l l , , l ,  

PUMP 
V P  

fig. 18. RF and pump signal waveform 
timing. 

P U M P  5 iGU41  

f f p l  

fig. 2. Non-degenerative parametric am- 
plifier. 

There are two noise contributions in 
practical circuits - circuit losses and 
frequency conversion noise. These 
sdurces combine to create a non-zero 
noise factor of the order: 

Where: 
F,,,,, is the noise factor 
R, is the antenna impedance resistive 
component 
RI is the sum of circuit resistance 
losses 
f i  is the idler frequency 
f, is the signal frequency 

As a rule of thumb, a pump frequen- 
cy seven to ten times the signal fre- 
quency for lowest noise operation is 
chosen. 

microwave configurations 
for parametric amplifiers 

The circuit examples given show the 

use of discrete inductor-capacitor (LC) 
resonant tank circuits. These circuits 
work well up into the UHF and lower 
microwave region. A t  higher micro- 
wave frequencies, the LC tank circuit 
is impractical. A t  these frequencies 
parametric amplifiers use resonant 
cavities (fig. 3) in place of resonant 
tank circuits. Use a tuning disk to ad- 
just the cavities to resonance. 

Manley-Rowe relationships 
In 1957 Manley and Rowe developed 

a way to  evaluate parametric amplifi- 
er circuits. * Consider the equivalent 
circuit in fig. 4. We have a variable 
capacitance as the element and two 
signal sources: the signal frequency 
(f,) and the pump frequency (f,,), both 
shown as generators. Filters in series 
with both generators pass the gener- 
ator frequency and reject all others. 
There is also a series of loads, each iso- 
lated from the others by the same kind 
of ideal narrowband filter. The fre- 
quencies of these filters are: (f, + f,), 
(fp - f,), up to  (mfp f nf,) (where m 
and n are integers). The Manley-Rowe 
relationships are: 

In working with Manley-Rowe equa- 
tions, the following algebraic sign con- 
ventions regarding power are used: 

+ P is assigned to power flowing 
either into the capacitor, or from the 
pump and input signal "generators," 
and 
- P is assigned to power flowing out 

of the capacitor or into a load re- 
sistance. 

The parametric amplifier's stability is 
determined by the sign of the power 
flowing with respect to the capacitor. 
If the power from the signal flows into 
the capacitor, the stage is stable. Be- 
cause we deal with integers from 0 

- 
'See Liao and Coleman for discussionr; of Marlley 
Rowe relationships. The Liao book derives the 1:qua- 

tions, while Coleman works out several examples. 
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through the ith, we can check not only 
the fundamental frequencies (m and n 
= 11, but also their respective harmon- 
ics (m,n > 1 ). Some of these combi- 
nations are stable; others are not. 
There are several cases where the 
Manley-Rowe equations apply. Let's 
consider only one to see how such 
problems are solved. 

example 
Consider a parametric amplifier in 

which an output frequency ( f )  is the 
sum of the pump signal (fp) and the 
input signal ( f )  frequencies: f = fp + 
f,. Solve the Manley-Rowe equations 
to determine network stability. 

solutions 
First construct a table showing the 

signals and permissable values of m 
and n (we will consider only the fun- 
damentals). 

Pll is negative because Plo is positive 
by definition (it is the pump signal). 
We also know that (fp + f,) is always 
positive, so the negative sign is as- 
sociated with PI1. 

For the second case (Manley-Rowe 
11): 

INPUT 
SIGNAL)- 

fig. 3. Microwave parametric amplifier. 

Since PIT was defined as negative, 
by the same reasoning Pol is positive. 
Because Pol is positive, signal power 
flows into the reactance, and the cir- 
cuit is stable. (A  negative power term 
for the signal would denote instability.) 

Either inductors or capacitors can be 
used as reactive elements in a para- 
metric amplifier. In 1957 Suh15 and 
Weiss6 proposed the use of ferromag- 
netic inductors in microwave amplifi- 
ers. Practical considerations favor the 
voltage variable capacitance diode 
("varicap") as the reactance in para- 
metric amplifiers. These devices work 
to frequencies above 20 GHz, and be- 
cause they are voltage variable capac- 
itors, make actual circuit implemen- 
tation relatively easy. Varicaps operate 
in the reverse-bias zone of the I ver- 
sus V curve, and tend to have low 
avalanche potentials. This ease of cir- 
cuit implementation is gained at the 
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SIGNAL m n mip + nt, = I P, 

Input 
S~gnal 1 0 f s  PIO 

Pump o 1 f~ POI 

Idler 1 1  f, + f~ PII 

The first case (Manley-Rowe I) can 
be rewritten in the form: 

- P I /  Plo - - - (7) 
1 ; 1  f p  + f T  

- 1  FILTER m b f n t ,  

fig. 4. Equivalent circuit used to model Manley-Rowe relationships. 

Solve the Manley-Rowe equations for 
this case: 

11. 1 n  P,,,,,, 
mp,,,,, - 

- 1 ~14) + nf5  m.f/J + n ~ s  
rn, n  

m, n  

(1) (PI/))  + ( ~ ) ( P O / )  + (0) lPl0) + f I ) ( P o / )  + 

(1) Up) + (0) UY) (0) Up) + (1) Us) (1) G I )  + (0) (I-\) (0) l / /J + (1) U,) 

( I ) ( P l / )  , - 
- 

(1) ( P I / )  - 
- 

(1) U,)) + (1) U \ )  (1) (61) + (1) l f $ )  

= 0  P l o + O + -  0 + - pol + ------ PI1 = 0 
fi, 4, + f5  1 s  + .fc 

PI0 P I /  - + ------ = 0 Po1 PI1 - + ----- = 0 
fp f P + f \  f ,  11, + f\ 
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expense of Johnson and other diode storage devices that could replace One reason parametric amplifiers do 
noise terms. present reactances in parametric am- not use superconductive technology is 

plifiers. Although one tends to think in because the equipment needed to 
inductor-based traditional terms about inductive and achieve the required near Absolute 
superconductive capacitive reactances, perhaps a new Zero temperature is expensive and 
parametric amplifiers type of reactance is possible. The large. This situation may change as 

New superconductivity technology 
based on metallic ceramic materials 
has been reported. Researchers have 
achieved superconductivity states at 
relatively high temperatures (about 95 
degrees K, with some promise of 225 
degrees K).' The use of inductive reac- 
tances in parametric amplifiers is under 
reconsideration based on recent re- 
search. Several points are worth 
noting: 

Lower loss resonant circuits for sig- 
nal, pump, and idler frequencies in 
conventional varicao-based oarametric 

strange behavior of superconductors 
with respect to magnetic fields may 
prove p romi~ ing .~  

A phenomenon noted as early as 
1947 may be of interest in the latter 
case. Kinetic inductance produces 
inductance-like effects caused by the 
mass inertia of charge carriers in the 
material. In non-superconducting ma- 
terials, ordinary magnetic inductance 
swamps the effects of kinetic induc- 
tance. In superconducting materials, 
however, magnetic inductance col- 
lames leavinq the kinetic v a r i e t ~ . ~  

progress is made in high temperature 
superconductivity. 
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microwave 
components 
terminology: 

and 
part I 

From time to time I've featured 
microwave topics in this column. Most 
dealt with the present state of the art 
(SOA) but some gave a glimpse at 
older microwave components or termi- 
nologies. 

The SOA changes so rapidly that 
many of the components once neces- 
sary for microwave systems have be- 
come extinct, been replaced, or moved 
upward in frequency. In light of this, 
I thought it would be a good time to 
discuss the basic microwave compo- 
nents of the past and present. This will 
make future developments easier to 
understand. 

The subject of microwave compo- 
nents is extensive. Entire books have 
been written on single components 
such as waveguides. In this month's 
column, I will concentrate on micro- 
wave transmission lines and related 
components and build upon this infor- 
mation next month, in addition to 
describing some other common micro- 
wave features. 

microwave transmission 
lines 

A transmission line is a system of 
material boundaries forming a contin- 
uous path from one location to 
another. In radio communications 
from low frequencies through UHF this 
usually refers to a balanced line, coax- 

ial cable, stripline, or microstrip trans- 
mission line. From UHF up through the 
microwave and millimeter wavelengths 
a waveguide or G-line is often used. 

Transmission lines have many differ- 
ent properties. The most important for 
Amateurs are the impedance, insertion 
loss, power handling capacity, and ve- 
locity of propagation. These terms are 
described in detail in reference 1. 

Balanced lines, often referred to as 
open wire, twin lead, or ladder lines, 
were the first type of transmision lines. 
They became popular when commer- 
cial television was introduced but have 
largely been replaced by coaxial cable. 

coaxial transmission lines 
Coaxial cable was invented in 1921 

by Lloyd Espenschied and Herman A. 
Affel at the AT&T Engineering Labs in 
New York City. Nowadays it is by far 
the most common transmission line 
because it is easy to use, low cost, and 
operates over a wide frequency range. 
But, as frequency increases, so does 
the insertion loss. In general, the larger 
the diameter and the lower the dielec- 
tric loss (air is the lowest), the lower 
the insertion loss. Reference 1 gives in- 
formation on typical insertion loss ver- 
sus frequency. 

Coaxial transmission lines normally 
consist of two conductors, often de- 
scribed as operating in the TEM (trans- 
verse electromagnetic mode or field 
pattern). This means that both the 
electric and magnetic fields are trans- 
verse or perpendicular to the axis of 
the line as shown in fig. 1A. 

When spacing between the two ele- 
ments in a coaxial transmission line 
exceeds one-half the operating wave- 
length or the circumference of the in- 
side of the outer conductor exceeds 
one wavelength, energy can propagate 
down the transmission line in other 
than the desired mode. This is usually 
referred to as a higher order mode. The 
following formula quickly determines 
the maximum usable frequency below 
which higher order modes will not 
occur: 

Where f,, is in GHz, 6,  is the dielec- 
tric constant (air = 1.0), D is the in- 
side diameter of the outer conductor, 
and d is the outside diameter of the in- 
ner conductor - both in inches. For 
example, a 50-ohm TeflonTM coax line, 
6, = 2.1, with D of 0.120 inches and 
d of 0.036 inches would be usable to 
at least 13.1 GHz. 

In the last two decades, there has 
been much research and development 
in the field of coaxial transmission 
lines. Improved coaxial cables are 
smaller, more precise in impedance 
characteristics, and have lower loss. 
There are now commercial coax trans- 
mission lines that operate beyond 
20 GHz. 

Two of the most common micro- 
wave coax types used by Amateurs are 
the semi-rigid 0.141 and 0.085 inch 
outside diameter Teflon dielectric 
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fig. 1. Typical field patterns present in IA)  a coaxial transmission line operating in the 
TEM mode, (B) a rectangular waveguide operating in the TElo mode. and ( C )  circular 
waveguide operating in the TEll mode. The solid lines are the electric fields and the 
dashed lines are the magnetic lines. 

50-ohm coax that manufacturers claim 
can operate to 30 and 55 GHz, respec- 
tively. Attenuation at 20 GHz is typi- 
cally 60 and 100 dB per 100 feet for the 
two cables, respectively. 

microwave strip 
transmission lines 

The concept of strip-type transmis- 
sion lines was discovered during World 
War II, and in the mid-1950s the first 
practical designs were introduced as 
"Tri-Platew.* These first strip transmis- 
sion lines were a balanced structure 
with a "sandwich" construction and 
operated in the TEM mode similar to 
coaxial transmission line.' 

Microstrip, a sort of open-faced 
sandwich version of stripline', followed 
and is widely used well into the micro- 
wave region. Glass PCB, G-10, can be 
used but is lossy at microwave fre- 
quencies. Lower loss dielectrics like 
Teflon-impregnated glass laminates 
and low-loss ceramics are available as 
are new types of structures - fin-line 
and suspended substrate, to name 
two. 

waveguides 
When you think of microwaves, 

what probably comes to mind are 
those bulky waveguides and wave- 
guide components. In the "good old 
days", microwave engineers were 
often referred to as "plumbers" be- 
cause they worked mainly with wave- 
guides and other materials that 
resembled pipes and plumbing. 

The practical uses of waveguides as 
transmission lines were discovered in- 
dependently and almost simultaneous- 
ly by W.L. Barrow and G.C. South- 
worth in 1936.3.4 The breakthrough 
was one of many making radar and 
microwaves possible. Waveguide 
transmission lines have been used at 
frequencies below 200 MHz to well 
above 150 GHz! 

There are four basic waveguide 
cross-sectional geometries: rectang- 
ular, square, elliptical, and circular. 
Each type has specific electrical prop- 
erties and preferred usage. 

Rectangular waveguide is probably 
the most common since it has the 
widest operating bandwidth. Its width 

is usually twice its height (see fig. 2A). 
Square waveguide shown in fig. 2B 

is sometimes used in applications like 
dual polarized feeds and horns. How- 
ever, since its height and width are the 
same and there is mode isolation, it is 
difficult to use. 

Elliptical waveguide (fig. 2C) is 
often used where flexible runs are re- 
quired - especially if it is corrugated 
and the run to be used is between 1.9 
and 15 GHz. It is usually easier to in- 
stall than rectangular waveguide but 
does have somewhat higher atten- 
uation. 

Circular waveguide (fig. 2 0 )  has 
very low attenuation - sometimes 
only half that of rectangular waveguide 
- so it is often used on long, straight 
vertical or horizontal runs. Its circular 
nature allows two orthogonal modes 
to be propagated simultaneously, but 
this same circular symmetry can cause 
the polarization to rotate as the wave 
travels down the guide. 

waveguide modes 
A waveguide is a transmission line 

LIJ - 2 X  ITYPI  4 

Dl li i::::-T 
8  I I, F-7cl 

--- ----A 

C l  

r1 - Z X  (T IP )  4 

D l  

0 
fig. 2. Common waveguide geometries 
(A1 Rectangular, (B) square, (CI ellipti- 
cal, ID)  c~rcular 
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where the wave propagation is not in 
TEM mode form. Waveguides appear 
to  be simply a hollow tube with walls 
acting as a single conductor. There- 
fore, their operation is quite different 
from coaxial lines. Waveguides are 
mostly used as transmission lines but 
have other uses; these will be dis- 
cussed in next month's column. 

Waveguide transmission lines usual- 
ly operate in a TE (transverse electric) 
mode in which the electric field is al- 
ways transverse to the direction of 
propagation and transverse to the axis 
of the waveguide at all locations. 
Waveguides sometimes operate in the 
T M  (transverse magnetic) mode in 
which the magnetlc fields are every- 
where transverse to the axis of the 
waveguide. 

Unlike coaxial transmission lines 
which are not sensitive and can usually 
be operated from dc up to their cutoff 
frequency, waveguides are very fre- 
quency sensitive. Each geometry has 
a different cutoff wavelength or mini- 
mum frequency that can be propa- 
gated and below which the insertion 
loss is very high. 

If the operating frequency is higher 
than some critical value determined by 
the dimensions and the geometry of 
the guide, the wave will propagate 
down it with low attenuation. If the 
wavelength is greater than this cutoff 
value, the waves in the waveguide die 
out rapidly in amplitude even if the 
material in the walls of the guide has 
infinite conductivity. 

The mode for which the cutoff 
wavelength is greatest is the dominant 
mode (desired mode for transmission 
lines), since it has the least insertion 
loss. In a rectangular waveguide, it is 
often referred to  as the TElo mode. 

The subscript "1" means that the 
field distribution in the direction of the 
long (cross-sectional) side of the wave- 
guide contains one-half cycle of vari- 
ation. The subscript "0" indicates that 
there is no variation in either the elec- 
tric or magnetic field strength in the 
direction of the short side of the guide. 
The TElo field pattern in a rectangu- 
lar waveguide is shown in fig. 1B. 

The width of a rectangular wave- 

Table 1. Resistivity and relative attenuation of some common metals or 
platings used in transmission lines at  RF  frequencies. 

Resistivity Attenuation 

Meta l  (ohms - c m  x 10 6, (relative to  copper) 

Alum~num 2.62 1.23 
Brass (66 Cu 34 Zn) 3.9 1.5 
Copper (commerc~al 

annealed) 1.7241 1 
Gold 2.44 1.19 
S~lver 1 62 0.97 
Steel (stainless) 90 7.23 

Table 2. Rectangular waveguide characteristics. 

ElA Waveguide Outside width Outside height Wall thickness Frequency range 
designation (inches) (inches) (inches) (GHzI 

W R-229 2.418 1.273 0.064 3.3-4.90 
WR-187 2.000 1.000 0.064 3.95-5.85 
WR-159 1 718 0.923 0.064 4.9~7.05 
WR-90 1.000 0.500 0.050 8.2 12.4 
WR-75 0.850 0.475 0.050 10.0~15.0 
W K 4 2  0.500 0.250 0 040 18-26.5 

guide at the cutoff frequency is ap- 
proximately half that of the free space 
wavelength. For example, the free 
space wavelength at 2.3 GHz is ap- 
proximately 5.123 inches. Therefore, 
the width of a rectangular waveguide 
at this frequency must be at least 2.561 
inches. 

For minimum loss it is best to  oper- 
ate in the dominant mode, which is 
about 25 percent higher in frequency. 
Here the optimum width of a rectan- 
gular waveguide at 2.3 GHz would be 
25 percent wider, or about 3.2 inches. 

The dominant mode in a circular 
waveguide is the TEll  mode. Figure 
IC shows its field pattern. Cutoff fre- 
quencies are different for circular and 
rectangular waveguides. The circular 
waveguides also have modes that are 
closer in frequency than those of rec- 
tangular waveguides so they have nar- 
rower mode-free bandwidth. 

In general, the diameter of a circu- 
lar waveguide needs to be slightly larg- 
er than the width of an equivalent 
rectangular waveguide to work at the 
same frequency. See reference 5 for 
additional design information for circu- 
lar waveguides. 

The impedance of a coaxial line is 
constant. In waveguides, impedance 

changes with size, mode, and frequen- 
cy and is not easy to determine. If 
operating in the dominant mode in rec- 
tangular waveguide, the impedance is 
generally in the 350-to-600 ohm region. 

Because waveguides are specifical- 
ly intended for high frequency opera- 
tion, the conductivity of the walls is 
very important and plating is usually 
used. The plating need not be thick 
since the skin depth is shallow - often 
less than 0.001 inches above 1.0 GHz. 

Table 1 shows the resistivity and 
relative conductivity of some common- 
ly used waveguide materials and plat- 
ing. Copper and silver-plated copper 
are preferred. 

Waveguides have standards and a 
part numbering system just like coax- 
ial cables. See table 2 for some of the 
standard rectangular waveguide types 
and their important physical and fre- 
quency characteristics. 

Amateurs often use waveguides on 
the microwave bands. They cost little 
on the surplus market and have low 
loss, especially when used for anten- 
na feed systems. Compared to coax, 
the loss of WR-90 waveguide is 4.5 to 
6.5 dB per 100 feet over its opera- 
tional frequency range of 8.2 to 12.4 
GHz. A more complete list of the stan- 
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fig. 3. Typical waveguide beyond cutoff 
applications. (A) Waveguide beyond 
cutoff for attenuating a frequency well 
below the cutoff frequency, (6) the air 
exit system used on a high-power rf am- 
plifier to prevent rf radiation. 

dard waveguide types is found in refer- 
ence 6. 

G-lines 
The G-line, invented in 1950 by the 

late Georg Goubau, is a single conduc- 
tor surface-wave transmission line that 
suits the microwave frequencies, but 
until recently it hasn't been popular. 
Basically, the G-line is a single wire 
feedline with cone-like "launchers" at 
each end. Warren Weldon, W5DFU, 
has done a lot of work on this type of 
transmission line and has several oper- 
ational low-loss lines in use on the 
microwave frequencies.' Perhaps 
more Amateurs will try his techniques 
and add G-line to their arsenal. 

waveguides beyond cutoff 
Although waveguides are most 

often used as transmission lines in the 
dominant mode, they can be used in 
the cutoff mode as RF attenuators at 
lower frequencies (see fig. 3A). Cal- 
culate the attenuation below the cutoff 
region in a rectangular waveguide 
using eqn. 2: 
A = 27 (LIG) 
where A is the attenuation in dB, L is 
the length of the guide, and G is the 
width, in the same units. For circular 
waveguide, use eqn.3: 
A = 32 (LIG) 
where L is the length and G is the di- 
ameter of the guide in the same units. 
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fig. 4. Typical waveguide flanges that are 
used in place of connectors on 
waveguides. (A)  Typical flange. (B) two 
waveguides joined together wi th 
flanges, ( C )  a choke flange to decrease 
rf loss and impedance discontinuities. 

Attenuation is a linear function and 
not frequency sensitive if operated suf- 
ficiently below the cutoff frequency. 
For example, a circular waveguide 0.5 
inches in diameter and 0.5 inches long 
will have an attenuation of approxi- 
mately 32 dB and 96 dB at 1.5 inches. 
A simple and accurate mechanical at- 
tenuator can be designed. One exam- 
ple is the output attenuator on signal 
generators like the Hewlett-Packard 
608 (10-450 MHz). 

Amateurs can also use waveguides 
beyond cutoff in high- power amplifi- 
ers at the entrance or exit for the air 
delivery system, where rf could leak 
and any restrictions will cause the tube 
to overheat.' Often a group of five to 
ten smaller tubes (e.g., 0.5 inch di- 
ameter) are grouped together to re- 
duce the required length of a single 
large diameter tube, as shown in 
fig. 36. 

Today waveguides and microwaves 
are not always seen as synonymous 
and the SOA is changing so rapidly 
that coaxial components are starting 
to dominate the microwave field (at 
least up through 10 to 20 GHz). Refer- 

ences 5 and 6 discuss microwave 
transmission lines and waveguide use 
in detail. 

microwave connectors 
Whether you use coaxial or wave- 

guide transmission lines, you will prob- 
ably need connectors. Special coax 
connectors have been developed for 
use as high as 34 G H Z . ~  

Waveguides have connectors called 
"flanges" (fig. 4A). They are butting 
joints similar to plumbing unions and 
can be held together with ordinary 
machine screws as shown in fig. 48.  
Sometimes these flanges do not join 
perfectly, causing rf leaks or im- 
pedance discontinuities. To prevent 
this, "choke" flanges with quarter- 
wavelength slots like those in fig. 4C 
have been developed. 

transitions and junctions 
Sometimes it's necessary to con- 

nect one waveguide size to another, 
just as you may interconnect an 
RG-8lU with an RG-17lU coax cable 
through a coax adapter. You might 
also want to change from a rectangu- 
lar to a circular waveguide, or from a 
waveguide to a coaxial line. You can 
accomplish this with a "transition" 
device. 

When connecting waveguides of 
different sizes, remember they will 
each have different impedances. If you 
were to operate at only one frequen- 
cy you could design a quarter-wave- 
length waveguide transformer; but this 
would require tight mechanical toler- 
ances that are difficult to maintain at 
these frequencies. 

For this reason, waveguides of dif- 
ferent sizes with common frequency 
ranges are often joined through a 
tapered section or transition. It is also 
desirable to have a transition to inter- 
connect a circular and rectangular 
waveguide. Typical transition is shown 
in fig. 5A. 

For a smooth change with minimum 
impedance discontinuities, transitions 
should occur over at least a wave- 
length. Typical losses in commercial 
circular to rectangular waveguide tran- 
sitions are 0.1 to 0.3 dB. 
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T w o  waveguides w i t h  different sizes bu t  

c o m m o n  frequency capability, (61 r ight-  
angle bend w i t h  gradual twist .  IC I  r ight-  
angle bend with mi t red  corner, ID )  coax 

t o  waveguide t ransi t ion us ing  a vol tage 

probe. 

A right-angle bend is another com- 
mon waveguide transition. An abrupt 
bend can be lossy, so smoothly bent 
waveguides (fig. 5B) or an abrupt 
bend with a mitered corner (fig. 5C) 
are used. 

Sometim6s it is desirable to connect 
a coaxial device to a waveguide sec- 
tion and vice versa. It is referred to as 
a waveguide-to-coax adapter and the 
impedance within the waveguide may 
be difficult to determine. 

A coax-to-waveguide transition can 
be done with a voltage or a current 
probe inserted near the end of a short- 
ed waveguide. The most common 
technique is the voltage probe which 
puts a quarter-wavelength "probe" 
into the closed end of a waveguide as 
shown in fig. 5D. This type of transi- 
tion is often found at flea markets. 

summary 
This month's topic was microwave 

transmission lines and waveguides. 
The discussion concludes in next 
month's column, which will concen- 
trate on other microwave components 
and terminology. 

new VHF records 
For some time now EME activity on 

6 mcters has been limited to a few 
energetic Amateurs who "think big". 
That is rapidly changing. I just heard 
that there is a new 6-meter EME DX 
record. On November 15, 1987 Ray 
Rector, WA4NJP. (EM84 worked Jim 
Treybig, WGJKV, (CM87) for an ap- 
proximate distance of 2145 miles (3451 
km). I hope to have more details in 
next month's column. Congratula- 
tions, Ray and Jim. 

important VHFIUHF events: 
March 16 EME perrgee 

March 18 New  rnoori /eclipse of  the 

sur1l 

March 21 + 2  weeks. Optimum time for 

TE propagatron 
April 11 ARRL I M - M H z  Sprrny Sprrrir 

Contest (Monday everimg 

locall 

April 13 EME perigee 

April 16 New  moon 
April 19 ARRL 220-MHz Sprrng Sprint 

Contest lTtresday evensig 

loca/l 

April 21 Pred~cted peak of  the Lyrids 
meteor shower a t  1730 UTC 

April 27 ARRL 4.32-MHz Spring Sprinr 
Contest (Wednesday evefirrig 

locall 

Aoril 29-30 Davton Harnverition 

May 1 
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ham radio 

1 AND YOU CAN WORK IT WITH 
THE NEW RANGER AR 3500 

a Convenlenl, easy-lo-use front 
panel controls 

All Mode operation 
a Swltchable nolse blanker-hlghly 

effectwe on lgnltlon nolses 
a 100 Hz per step 
a Programmable band scannlng 
a Flve selectable memory channels 
a Spl11 frequency operallon 

Easy-to-read LED frequency display 
a Available In outpuls of 30 8 100 Watts 

Microphone and power cord supplled 

RECEIVER 
Frequency Range 28 0000-29 9999 MHz 
C~rcutl Type Superhel dual conversion 
Clar~l~er Range 500 Hz 
Sens~t!v!ry SSB 8 CW bener lhan 0 3  ,IV for 

10 dB S N N FM bener lhan 0 5 IIV 
Selecltvlry -6dB -60dB 

SSB CW 2 6  KHz 4 7 KHz 
AM FM 6 0  KHz 18 KHz 

TRANSMllTER 
Frequency Range 28 0000-29 9999 MHz 
Power Oulpul 30 wan Model SSB-25 Wans 

AM FM-8 wans CW-30 wans 
Input 12 5 VDC 6A Max 

Power Oulpul 100 wan Model SSB-100 Wans 
AM FM-30 Wans CW-150 Wans 
lnpul 12 5 VDC 75A Max 

WARRANTY 
Llm~ted one year warranty by Clear 

Channel Cor~oral lon 01 Issaquah. WA 
AR35000-30W (Reg 3591. .............. Call Us I ~ ~ 3 5 0 0 . 1 0 0 ~  ,bee 4491 ... . . . . . . . . . ... C ~ I I  US I 
Scan MIC 8 ~ o d  ~~sla l led .. . . . .. . .. . .. . .S45 00 
SP-1 Speech Processor.. ... . . . . . . . . . . . ,3300 
CW Bd Auto break-ln ..... . ..... .. . .. ... . .39 95 
3 Elemenl Beam 26-30 MHz ... .... ... .. ..89 50 
Penelrator Mobale Anl . . . . . . . . . . . . . . . . . . . . .44 95 
RS-7A Pwr Sup lor 30W ..... . .. . . . .. . .. . ..49 95 
RS-35A Pwr Sun for 100W.. . . .. . .. . ..... 134 95 

Ouanlily Pricing Available Fonign Orders Acaptad 

Orders wived by 1 PM PST shipped UPS same day. 
COD VISA MC Neal day UPS delivery availabk 

ORDER DESK ONLY - NO TECHNICAL , ;%V5=927 
ORDER LINE andlor TECH HELP 

619u44-0728 I 
FAX (619) 744-1943 
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10.735 
IC-761 New Top 01 Llrlr 
lC-735 Gen. Cvg. Xcvr 
IC-751A Gen. Cvg. Xcvr 
R7000 Gen. Cvg. Rcvr. 
R71A Gen. Cvg. Rcvr. 
IC-28AIH FM Moblle 25w145W 
IC-37A FM Moblle 25w 
IC-900 Super Multi-Band Mobile 
IC-04AT UHF HT 
IC48A UHF 45w 
IC-38A FM Mobile 25w 
IC-O2AT FM HT 
ICr2AT Mtcro HT 

~ 1 s t  Juns 
?4U9 00 ( , , I l l  $ 
5999 00 C.111 S 
1649 00 Call % 
1099 00 Call $ 

949 00 Call S 
4291459 Call $ 

499.00 Call 8 
589.00 Call t 
449.00 Call $ 
459.00 Call (6 

459.00 Call $ 
399.00 Call (6 
329.00 Call $ 

TS 94OSAT Gr,n L v q  y i r  

TS-4'30s Gen Cvg Xcvr 
TS-711 A All Mode Base 25w 
TR.751A All Mode Mob~le 25w 
TS440SIAT Gen Cvg Xcvr 
TM-2530A FM Moblle 25w 
TM-2550A FM Moblle 45w 
TM-2570A FM Mob~le 70w 
TH-205 AT. NEW 2m HT 
TH-215A. 2m HT Has I1 All 
TH21BT 2M HT 
TH31 BT 220 HT 
TM-3530A FM 220 MHz 25w 

S''74" ')1 Call $ 
8 19 15 Call $ 

899 95 Call f 
599 95 Call S 

1199 95 Call S 
429 95 Call 16 
469 95 Call S 
559 95 Call $ 
259 05 Call % 
349 95 Call $ 
259 95 Call $ 
269 95 Call $ 

449 95 Call S 

FT.757 GX Gen Cvt i  X i  \,I 

FT-767 4 Band New 
FT-211 RH 
FT-290R All Mode Portable 
FT-23 RflT Mtn~ HT 
FT-209RH RM Handheld 5w 
FT-726R All Mode Xcvr 
FT-727R 2M170CM HT 

sws oo Call $ 
1805 00 Call S 
459 95 Call 5 
579 95 Call S 
299 95 Call S 
359 95 Call $ 

1095 95 Call S 
479 95 Call $ 

FT2700RH 2M170CM 25w 599 95 Call B 

J U ~ : ~  
- E-KS 

the ultimate 
antipode DX 

FORECASTE 

In our eternal search for the opti- 
mum propagation path and mode, one 
in particular -- antipodal DX - has 
probably escaped our attention. The 
antipode is the farthest location on the 
earth from you. You can visualize this 
point by drawing a line from your lo- 
cation through the center of the earth 
to the opposite side of the world, or 
calculate it by taking the opposite lati- 
tude (40°S from 40°N) and subtract 
your longitude from 180° and switch 
west to east or vice versa. Now the 
question is: are any Radio Amateurs 
there? 

Garth Stonehocker, K0RYW 

what's special about your 
antipode? 

All directions point to it, every great 
circle path from your location goes 
through it, and, at the antipode there 
are energy focusing effects enhancing 
signal strengths. Experiments have de- 
termined that the antipode reception 
area has a 300-mile radius before the 
signal diminishes by 12 dB. At greater 
distances, signal levels rebuild by 6 dB. 
This 6-dB range is equivalent to the cy- 
clical signal variations that occur in 
sync with propagation mode changes. 

The 6-dB circle perimeter is not fixed 
and its size can vary on a short (diur- 
nal) and long term (yearly) basis much 
like any other geophysical parameter. 
Propagation experiments also show 
that reception occurs up to 50 percent 
more often at the antipode than at a 
location only 900 miles away. The 
operating frequency used must not 
exceed the MUF for the particular azi- 
muth you choose. Avoid paths requir- 

ing the signal to cross the polar regions 
because of accompanying low MUFs, 
geomagnetic, and auroral signal ab- 
sorption problems. Also avoid equa- 
torial paths where the MUF is consid- 
erably higher than the operating fre- 
quency because the greatest daytime 
signal absorption is found in those 
directions. Just remember - many 
directions still point toward your anti- 
pode and one will be best for you. 

last-minute forecast 
The higher hf bands should peak 

(higher MUF) during the third and 
fourth weeks of March with increased 
solar flux levels and flare activity. 
These flares may cause geomagnetic 
field-ionospheric disturbances around 
the 17th and 26th. The solar wind par- 
ticle count is expected to increase 
around the 6th asa result of thinner 
solar coronal. Excellent transequatorial 
openings should accompany these dis- 
turbances. Lower solar flux values ex- 
pected during the first two weeks of 
the month with lower signal absorption 
will enhance daytime lower band DX 
(though not as good as a year ago). 
Evening/nighttime DX should be good 
except when local thunderstorm noise 
increases. Spring equinox occurs on 
March 20th at 0939 UTC. A full moon 
appears on the 3rd and will be at peri- 
gee on the 16th. 

band-by-band summary 
Ten, fifteen, and twenty meters will 

be open from morning to early evening 
almost daily in most areas of the world. 
Expect higher band openings to be 
shorter and closer to local noon. 
Transequatorial propagation on these 
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Amateur Radio Baluns- 
Traps-Remote Coaxial Switches 

Or Write To: 

UNADILLA DIV. of ANTENNA'S ETC. 

bands is likely to be toward evening 
during times of high solar flux and dis- 
turbed geomagnetic field conditions. 

Thirty and forty meters will be use- 
ful almost 24 hours a day. Daytime 
conditions will resemble those on 20 
meters, but skip and signal strength 
may decrease during midday on days 
with high solar flux values. Look for 
good nighttime use - except after 
days of very high MUF (solar flux) con- 
ditions. Usable distances on these 
bands should be somewhat greater 
than that achieved on 80 at night. 

Eighty and one-sixty meters, the 
nighttime DXer's bands, will open just 
before sunset and last until sunrise on 
the path of interest. Except for daytime 
short-skip signal strengths, high solar 

,, 272 flux values have little effect. Geomag- 
netic disturbances, more evident at the 
equinoctial periods, cause signal at- 
tenuation and fading on polar paths. 
Noise increases noticeably on these 
lower frequency bands now and in the 
coming months. Please remember the 
DX windows of 3790 to 3800, 1825 to 
1830, and 1850 to 1855 kHz. 

ham radio 
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products 

magnetic mount antennas 
H~rstler. Inc. announces two new magnetic 

mount antennas. Rated at 100 watts. the RX 
series consists of a 5:8 wave, 3.4-dB antenna 
on a magnet mount that w~thstands speeds up 
to 75 mph. The RX-2 12 meter) and the RX-220 
1220 MHz1 are chrome with a black mount and 
coil cover. The suggested lfsl prlce for both 
models 1s 519.95. The RX series is available in 
all-black versions (models RX 28 and RX-2208). 
each with a list price of 524.95. 

The FX series. rated at 200 watts, is a 518 
wave, 3.4-dB antenna on a heavy duty magnet 
mount which holds at speeds In excess of 100 
mph. The FX-2 I2 metert and the FX-220 I220 
MHz) list for $24.96 each. All black versions of 
the FX series are available as models FX-2B and 
FX220B priced at 529.95 each. 

For informat~on contact Hustler, Inc., One 
New-Tronics Place, Mineral Wells. Texas 76067. 

Circle 1301 on Reader Service Card. 

high-power linear amplifier 
The HL 180V is a hiqh power hear amplifier 

des~gned for 144 MHz I~a r~ r l  arid all mode oper- 
atloll. It provides a niax~mum output power of 
170 watts. You can operate the amplifier with 
3 10 25 watt o~rtplrt transcclvcrs. as 11 will auto. 
matically select the incorii~ng drive level. The 
LED power level ~ndlcator enirl~les you lo monl 
tor the o~r tp~r t  power I(?vcI at all tlmes. Over 
voltage protcctlon clrcult prevents Ihc rf power 
tranststors from I)einq tla~iia$~nd. Remote  con^ 

trol lead wires are ~ncorpori~ted to enable a 
smooth and instant chang~:over espectally on 
SSB. 

The THL model HL 180V IS now availahle at 
your local ENCOMM draler Sltggest~d list prlcc 
is $359.95. For f ~ ~ r t h c r  ~nlorniat~on contact 
ENCOMM. Inc.. 1506 Cap~lt~l  Avenue. Plano. 
Texas 75074. 

Circle 1302 on Reader Service Card. 

MFJ speakerlmic for 
handhelds 

The new MFJ speakerlmic with its lapell 
pocket clip. lets you carry your handheld easily. 
I t  has a lightweight retractable cord and a con. 

nector that fits ICOM and Yaesu handhelds. 
It features clean audio on both transmit and 
receive. 

Available from MFJ dealers or direct from the 
company, the MFJ 2&1 retails for $24.95 and has 
a one year unconditional warranty. 

For more informat~on contact MFJ Enter 
prises. Inc., P.O. Box 494. Mississ~ppi State. 
Mississippi 39762. 

Circle 1303 on Reader Service Card. 

novice welcome 
Gordon Wcst Radio School has a Nov~cc 

welcome package containing literature sheets. 
rebate coupons, and In store discount offers 
from 30 Amatuer Radio equipment mariufac 
turers and accessory suppliers, and five dealors. 

Incl~~dct l  are ICOM. Kenwood. ant1 Yacsu 1l1f1 

certificatr!s worth I I ~  to $25 each towards tlic: 

purcti;~s<! ncm rc~dio gcar and free lii;lg;tzln<: 

issue certificates with subscription discounts. 
There are catalogs from Amateur Radio acces 
sory manufacturers and "rip sheets" from 
manufacturers on how to set up a beginner 
Novice voice-class statlon sent with each begin 
ner course. 

The 21day Novice course includes two stereo 
code-learning cassettes and West's 112-page 
Novice book. Priced at $19.95 lplus $2.50 post- 
age and handling), the course materials include: 
FCC Form 610. a frequency reference chart. 
laminated world map. and a sample Novice exam 
package. 

Students who pass any upgrade examination 
or Novice entry-level exam receive equipment 
discount coupons from ICOM. Yaesu, and Ken- 
wood. Anyone who passes the exams within 120 
days. using our mater~als, may write and receive 
radio rebate rewards. an FCC license holder. 
certificate of course completion. certif~cate for 
a free Amateur Radio magazine, and other 
coupons. 

For more information, write to Gordon West 
Radio School. 2414 College Drive, Costa Mesa. 
California 92626. 

Circle 1304 on Reader S e ~ i c e  Card. 

Heathkit catalog 
The Heathkit H 386 Desktop Computer, an 

80386 based computer that operates two to 
three times faster than a PCIAT, appears in the 
latest Heathkit Catalog. Also featured is the 
Zenith Data Systems Flat Tension Mask Color 
Mon~tor wtlh a flat screen and VGA compa 
tibility. 

.- ~- -- -- 
It, 

The most powerful kit computer offered to- 
day, the H-386 provides graphics capab~lities 
uslng a 31 kHz video card that autonial~cally 
emulates EGA. CGA. MDA, and Hercules graph- 
ics, depend~ng on what vldeo mode softwarr! ro 
quircs. The standard 1 megabyte of RAM can 
be exparided up to 16 niegalrytos. The k ~ t  is easy 
to I~ulld and ~ncludcs the H 386 with 1 nir?gabyte 
of RAM, the VGA vldeo card, and one 1.2 mega 
bytr: 5 1 4 ~nc l i  disk drive for $3349.95. 

March 1988 81 



2x42 BASE 

THE HIGHEST GAIN DUAL BAND 
BASE/REPEATER ANTENNA 

HlGH POWER 200 WATTS 

CENTER FREQUENCY 
146.500 MHz 
446.500 MHz I 
GAIN: 
VHF - 8.2dB 
UHF - 1 1.5dB 
VSWR - 1 .-I .2 or less 

CONNECTOR: 
N TYPE FEMALE 

LIGHTNING PROTECTION 
GROUNDED DIRECT 

LENGTH: 16 FT. 
WEIGHT: 5 LBS. 3 OZ. 
WIND LOAD: 90 MPH 
MOUNTING: UP TO 2 IN. 
MAST 
CAN SIMULCAST ON 
BOTH BANDS 

WATERPROOF 
CONNECTING 
JOINTS 

UPS SHIPPABLE I1 

AMATEUR SPECIAL 

I 

BLACK DACRONa POLYESTER 
ANTENNA ROPE 

UV-PROTECTED products 
HlGH ABRASION RESISTANCE 

REQUIRES NO EXPENSIVE POTTING HEADS 

EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 

SIZES: 3/32" 3/16" 5/16" 

SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOUT U.S.A. 

LET US INTRODUCE OUR DACRON1'' 

I 1 motion, and a patented sense-of-touch gripper 

The ZCM-1490 Flat Tension Mask 114 inch 
diagonal) Monitor has true color at higher inter) 
sities with more contrast, brighter colors, and 
less glare than conventional round monitor 
cathode ray tubes, 

The Robot Arm Trainer, a flexible, multijoint 
ed robotic arm, is also new. Controlled by an 

ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH AND COMPLETE 
ORDERING INFORMATION. 

Dealer lnqutrles Invited 

2472EASTMANAVE BUILDING21 programable for spectflc amounts of force SIX 
synt.hetjc VENTURA CALIFORNIA 93003 
textlles,lnc. (805) 658 7903 I closed loop DC servo motors prov~de smooth, 

8-bit microprocessor, the ETS-19-32 Trainer can 
be programmed through its attached leaching 
pendant, and connected to a computer through 
an RS-232 serial port. It features five axes of 

,,., ",". , T  . ",,""". .,, , ~ . ,  ", , , ..,,...,. / accurate movement, and menu-driven software 
276 allows command option selections. 

For a free cataloq, write Heath Comoanv, 

, . .  , 1 "SPECIALIST IN RF CONNECTORS AND COAX'' 1 3100, 1020 lsliniton Ave., Toronto, Ontarlo 

THE RF CONNECTION 

Pan NO. 
321-11064-3 

83-822 
PL 259lST 

Department 350-030, Benton Harbor, Michigan 
49022. In Canada. write Heath Comoanv. Dewt. 

Descrlplion 
BNC 2 PST 28 voll coaxial relay, 
Amphenol 
Insertion loss: 0 to 0.75GHz. 
O.lOdB 
Power rating: 0 lo 0.5GHz. 100 
walls CW. 2 kw peak 
Isolation: 0.1 GHzI45db. 0.2 GHzI 
40db. 0.4 GHz135db 
PL 259 Tellon. Anlphenol 
UHF Male Sllver Tellon LISA 
N Male RG 8. 213 214. Amphenol 
N Maie RG 8 213. 214. Kings 
N Male Pin for 9913 9086 8214 

Price 

111s UG ZIDIU 8 UG ~ I B ~ U  hi s dent lab tests for harmon~c radtatton ~n channel 
UG 21019913 N Male lor RG 8 wilh 9913  PI^ 
UG 21819913 N Male for RG 8 wlth 9913 Pln 
UG 146lU N Male to SO 239 Teflon USA wrtte Bencher, Inc , 333 West Lake 

M82 523. 
Circle #305 on Reader Service Card 

125used 
tested , 

1 so 
95 

4 00 

UG 83iU Female to SO 239 leflorl USA 
"THIS LIST REPRESENTS ONLY A I Street, Ch~cago, llllnols 60606 

FRACTION OF OUR HUGE INVENTORY" Clrcle X306 on Reader Service Card 

YA-1 l o w  pass filter 
Bencher's Low Pass Filter can help Amateurs 

active on high frequency bands resolve television 
interference problems. The YA-1 filter has a mtnl- 
mum attenuation of 80 dB or better in ~ndepen 

(301 ) 840-5477 supply for  t h e  C-64 
VISAIMASTERCARD: Add 4% Engineering Consulting announces a new 

Prtces Do Not Include Shlpplng power supply for Commodore 64 comput~vs 
allowing operation directly from 12 volts dc or 

fl 275 batteries. The power supply provides emergency 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Garthersbura. MD 20877 

backup and solar power operation. 
The "DCPS" delivers 9 volts ac at exactly 60 

Hz and 5 volts at up to 2 amps. A crystdl 
controlled time base is used to divide a 3.58-MHz 
crystal to 60 Hz so an accurate clock is generdt 

"DCPS" switcher power  

f 
1988 CALL DIRECTORY ' 

(on m~crof~che)  

Call Directory 58 
Name Index $8 
Geograph~c lndex $8 

All three - $20 Shlpplnq per order $3 

BUCKMASTER PUBLISHING 
Mineral. Virginia 231 17 

\ 703-894-5777 1 

ed for the computer's internal timers. The 5 volts 
dc is provided by a state~of-the-art switcher at 
75 percent efficiency. 

The power supply is cable ready and plugs 
right into the C-64. For add~ttonal current reduc 
tion a jumper can be installed bypassing the 
internal 5-volt regulator, and the "DCPS" wtll 
provide the entire 5-volt requirement. This mod 
ification lets the C-64 operate with a current drdln 

fl 274 
of 1 amp from the 12 volt battery. 

The "DCPS" is ava~lable from Engineertng 
Consulting, 583 Candlewood Street, flrea. CaI 
ifornia 92621 for $119.95 plus $4.00 shipping 
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OPERATING EVENTS 
"Things to do . . ." 
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CHARGE 
YOUR CLASSIFIED ADS 

to your 
@ MC or VISA 

write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 

y o u r  HAM RADIO Magaz~ne a r r l v e s  on 
schedule Just remove the ma111ng label 
from lhls m a g a z l n e  and a f f l x  below 
Then c o m p l e t e  your new address (or any 
other correct~ons) In the space prov~ded 
and we'll take care o f  t h e  resl 

Allow 4-6 weeks f o r  

Thanks for helping us to serve you bettor. r--\ r - -  

SAY YOU SAW IT 

HAM RADIO 

MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASY STEPS: 

Copy c l r c u l l  on TEC-200 f i l m  using 
any pla~n paper copier 
Iron film on to copper clad board 
Peel o f f  f i l m  and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 
.,111131 I l l  ,,, I.,,,. - Y j  I,... drill ..,II, !.,, 

The MEADOWLAKE Corp. 
DEPT I P 0 B o x  497 

N o r t h p o r l .  New Y o r k  1 1 7 6 8  

r /  279 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
Servicing "Hams" for 30 years, no rrg 

too old or\new for us. 

= 

4033 Brownsville Road 
Trevose, Pa. 19047 

21 5-357-1400 rn 
INDUSTRIAL UALITY B REPLACEMENT AllERlES 

FOR COMMUNICATIONS 
Nickel-Cadrniurn.Alkaline.lithiurn.etc. 

Repair Packs For 
ICOM'. KENWOOD. Y A E S U .  

S A N T E C ,  AZDEN. TEMPO, 
CORDLESS PHONES . . .  AND MORE1 

NEW! I.C.E. PACK S4gg5 

.H. YOST & CO. 
EVERETT H. YOST KB9X I  

7344 TETIVA RD 
SAUK CITY. WI 53583 

ASK I OH OUR CAlALOG 

(608l 643-3194 





"I convinced my club to buy a repeater controller h m  
ACC and I'm glad I did." 

Olrr Cmup dcrldcd to upCndr our mprnter y s l e m  and 
1 was thr  onr vskrd lo Invr~l lgntr .  

We'vc always tried lo  have #he h a t  system around so 11 
was l lmr  lo  make w m r  rhan,qes, We nrrdnl a rontml  
syslrvn that was rr l lnhl r .  rnsy to I~crok up. cost- 
c~llrr l lvr. and artmethlnl: lhal  would Imr  lho t~.rhnlr;d 
CIIY+ for mnrr I n l r r r s t l n ~  pmj r r l s  than Just krrpll>~ 
1111' rqlllpmrnt n l n n l n ~ .  

Everyone In thr  club put n rrw bucks Into the pot aw l  11 
\vns ,lllrSl 

We'vr found the volre mcssnees and t r l c m ~ l r y  mnkr 
ctsltlg rh r  rrpcalcr marc run. The ronvenlcnrc uf 
TPmc~lc DrOerammlnC and autonlo l l r  s r h r r l ~ x l r ~ l  

QCC advanced 
c o m p u t e r  
c o n t r o l s ,  nc. 

nprrallan I s  rrmarkablr. Not l a  rnml lon I h r  mnsl 
solrhlstlmtcrl .1!8lopelc.h rver d r s f ~ n r d  Inr amelcur 
1141'. l-~lrr U'? dt l t l~ t l  lll~ 1)ICllill Vll1c.c. I l ~ ( . ~ n l r r  frlr 
prru,nnlhrd 11)s. I r t~ l l~. t ln  bn;trrls, n!lcl \.ulc,c. mall. 
AC:C's produr l s  srr state-of- thr  art rommrr r la l  
rl8~allly nrtrl h1111t lo  1;mst. Workm:>nshlp so sntl<l rvrn 
l l lc n ! l l l l a l ~  osr* thmm. 

What 1mpmssc.s me m.m n~om. thn!rb. Is the suppon 
wc Crl from the alaZ at ACC - holh bc,fow anrl nnrr thr  
sat? And l h ry  protect our Invr+lmrnt Ihnulgh %Implc 
plltq-In soIlwarv and hardwnrc tlpernrtrs . . . nrw 
lrnl~mrcr and rapahlllllrs that k w p  our c l ~ ~ b  on top. 

I In4  good ubotlt rrrt,rnn~rndlnC Advnnrrd Cnmpu1t.r 
Controls' rcpeacc,r rortlrol1r.m. Anrr all. It's rrt!, r l!r l is 
monrv lhal  w.as sprnl ;~nd n8!r rc.pulallon 1h;qt w;,s on 
l lw  I l ie .  

DOWN EAST M I C R O W A V E  

MICROWAVE ANTENNAS AND EOUIPMENT - LoopYql. - P o D T D W ~ .  L l n r A W l l b m .  Cmp(.m 
A m p  Y l s m m  Tmn.nn.n O a F R  P n m w  
. T R O W .  EYE. W..kSlpn.l .OSCAR WZ. 1289. tam 
"2JM.2Ua.3450YH2 

1346 LY 16.1 lwpY.pl IZSeUHz mll ID1 
I Y I L Y  45.1 l w Y . p l  ZJMYHl 2MBl rn 
33ULY U . 1  IwpY.pI OWYHz 18.5411 1O3 

Abweanlenn.aa~sdmbled analasled Kllamallabls. 
AIIAlumlnum and SIalnlsaaC~natm~t~~n. 
~ d d w  UPSSI~. $11 west of ! ~ ~ M I ~ ~ I , ~ I ~ ~ I .  
~ ~ ~ P A L I - r  ~ m p  I W I ~ I ~ W ~ ~ I ~ ~ Y H ~ I I S V . ~ ~ ~ ~ ~ .  
2335 PALl~.rAmpTOW I n U W o u t 1 1 D 8 M H z 1 2 6 V . ~ ~ .  

NEW! M I C R O W A V E T R A N S V E R T E R S  

BY L M W  ELECTRONICS 
l l96lPY6D I .W G i n  .I 6 l 1 1 3  ~(.IIIIIIIII I., <I-I IPYI He!.! 1160 
Z l O l l * V 2 I >  i W  ( i . lb .1 i 1  I ' i l  Ouluul Mner $643 

Add16 forahlpplnp UPS148 
Strlpped down vemlon, klts also avallabla 

Wrlle For FREE Catalog 
DOWN EASTMICROWAVE 

BOX 2310. RR 1 .  Troy, ME 04987 
1207) 948.3741 

I Covers 100 MHz to 199.999 MHz in I 
1 kHz steps with thumbwheel dial 
Accuracy +/-  1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ l/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion. AM, and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARD LABS 
196-23 Jamaica Ave.. Hollis. N V  11423 
Phone: (718) 468-2720 Mon. t h r u  Thu. 

I \ 
AMATEUR RADIO MAIL LISTS 

SCI I -S I IC~ 1x3 l a b e l s  

"* NEWLY LICENCED HAMS '*' 
"' ALL NEW UPGRADES **' 
'*' UPDATED EACH WEEK *'* 

Total L~st = 462,728 ( Z I P  sorted) 
Prtco IS 2.5 c e n t s  each (4-up Clicstitre) 

BUCKMASTER PUBLISHING 
Mlneral Vlr lnla 23117 

705:89l-5777 
L I 
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'l.irecl o f  p:~\.itig li1gl1cr i111cI l~iglicr priceh lor 
\'.lI.I:, magnetic mount ;~ntenll:ls? Ilustlcr hiis 
the solution. lbo nrw series of antennas at 
suprisingly affordable prices. Huilt with the 
same quality and performance yo11 expect 
from a Iiustler product. 1)csigncd to offer you 
years of trouble-free operation. I'riced to 
save  y o u  money. 

FX SERIES (pictured mounted) 

5.4  d b  gain I 518 wave 
200  watt rating 
15 foot coax 
PI.-259 connector installed 
Magnetic mount holds to L 
I00 mnh I 1 

M o d e l  FX-2 - 2 Meter, hlack & chrome 
M o d e l  FX-220 - 220 MHz, black and chrome 

Model FX-2 
(Also Availahlc in Rlack) 

\ 

Also Available i n  Black 
Model FX-213. 2 Meter 
Model FX-22OH. 220 MI17 29.95 .a. I 
RX SERIES (picturec~ lying down) I/ 

3.4 dh @in 1 518 wave 
100 watt r ~ t i n g  
I5 foot coax 
1'1.-259 connector inscallrd 
Magnetic mount holds to 75 mph 

Model RX-2,  2 meter hlack and chrome 
Model RX-220 .  220 MHz, hlack & chrome 

Also Available i n  Black 
Model RX-213. 2 meter 
~ o d c ~  R X - 2 2 0 ~ .  220 MHz . . . .  . .  .24.95 a. 

Model RX-2 
(Also Available in Rlack) 

One Newtronics Place 
Mineral Wells. Texas 76067 

(817) 325-1386 



Ham Radio's guide to help you find your local 

Ca, 
- -- 

Maryland AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

(800) 432-9424 
Outside Fla. 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 

/if ornia 1 
MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301 -725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 

A-TECH ELECTRONICS 
1033 HOLLYWOOD WAY 
BURBANK, CA 91505 1 !la. Wat? 1 
(81 8) 845-9203 
New Ham Store and Readv to Make a I 
Deal! service dealer. 

M-F 10-7 SAT 9-5 
- - 

Georgia 
JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD 
CULVER CITY, CA 90230 
21 3-390-8003 
800-882-1 343 Trades 
Habla Espanol 

Massachusetts DOC'S COMMUNICATIONS 
702 CHICKAMAUGA AVENUE 
ROSSVILLE. GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird.. 
9AM-5:30PM 
We service what we sell. 

TEL-COM, INC. 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
6 1 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

-- - 

Colorado 
COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER. CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encornm, ICOM 

Hawaii 
Michigan HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

ATLANTIC SOLAR POWERIENCON 
(SINCE 1979) 
37279 W. SIX MILE RD. 
LIVONIA, MI 48152 
(31 3) 591 -7745 
Solar Electric Power for Repeaters. 
Ham Shacks, Packet Radio. 
Call Paul, WD8AHO 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shopping 
at prices you can afford. 

Idaho 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

Delaware 
AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON. DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store 

lllin ois Nevada DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-44 1-7008 
Icom. Ten-Tec, Microlog, Yaesu. 
Kenwood. Santec, KDK, and more 
One m ~ l e  off 1-95, no sales tax. 

ERICKSON COMMUNICATIONS, INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon. Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

- - 

AMATEUR ELECTRONIC SUPPLY 
1072 N RANCHO DRIVE 
LAS VEGAS. NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev 1 (800) 634-6227 
Hours M-F 9-5 30, Sat 9-3 

Florida 
AMATEUR ELECTRONIC SUPPLY 
1898 DREW STREET 
CLEARWATER, FL 33575 
81 3-461 -4267 
Clearwater Branch 
West Coast's only full service 
Amateur Radio Store. 
Hours M-F 9-5:30. Sat. 9-3 

Indiana I New Ham~shire 
THE HAM STATION 

, 
220 N. FULTON AVE. RIVENDELL ELECTRONICS 
EVANSVILLE, IN 47710 8 LONDONDERRY ROAD 
(800) 523-7731 DERRY. N. H. 03038 
(81 2) 422-0231 603-434-5371 
ICOM. Yeasu, Ten-Tec, Cushcraft. Hy- Hours M-S 10-5; THURS 10-7 
Gain, AEA & others. Closed SunIHolidays 

YO Dealers: co, 3ct Hazzi Radio now for coin&tc,i details. 
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Tom McMullen, WlSL 

transmission lines 
Transmission lines are a vital part of 
any Amateur station, but often the 
most mysterious component (and 
most misunderstood as well) used in 
setting up a station. This month's 
notebook looks at how transmission 
lines are put together and what they 
do. Perhaps you'll feel a bit more at 
ease in a discussion of lines and their 
advantages and faults after reading it. 

why a transmission line? 
There was a time when transmission 

lines were not widely used by Ama- 
teurs - when TV didn't exist, houses 
(and neighbors) were not packed 
together on postage stamp sized lots, 
and those who happened to hear an 
Amateur on their Broadcast-Band sets 
were more interested in eavesdropping 
than complaining. 

In the interest of simplicity and 
economy, the end of a length of wire 
was simply run into the ham shack and 
tapped onto the power amplifier plate- 
tuning circuit through a suitable capac- 
itor. The tap was moved along the 
turns of the coil until the proper plate 
current at resonance was obtained, in- 
dicating that the amplifier was properly 
loaded and providing power to the 
antenna. 

This worked well - -  the antenna 
radiated (and the radiation included 
several harmonics as well as the fun- 
damental signal), OSOs were made, 
and everyone was happy. The fact that 
all of the wire radiated - - even the por- 
tion that was inside the ham shack - 
didn't particularly bother anyone. An 
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occasional "hot" key or microphone 
gave a slight tingle or warm sensation 
to the operator, and sometimes the 
lights flickered a bit from induced rf in 
the power lines, but that was part of 
the mystique of being an Amateur. 

Those who were more interested in 
doing things right knew they would get 
better results by placing the antenna 
high, away from power lines, tele- 
phone lines, and other metal objects 
that could intercept the energy being 
sent toward the horizon for a distant 
station to hear. What was needed was 
a means of getting the energy across 
that gap between the output of the 
transmitter in the shack and the feed- 
point of the antenna many feet in the 
air. The answer was a transmission 
line. 

Early transmission lines were hand- 
made, open-wire lines with fairly wide 
spacing (often 6 or 8 inches between 
wires). The ingenuity of hams in adapt- 
ing materials for use as insulating 
spacers was just as great then as it is 
now: glass rods, porcelain insulators, 
and wood dowels that had been boiled 
in paraffin (wax) were common materi- 
als. Today, almost any type of trans- 
mission line you need can be found at 
electronics parts stores or Arnateur 
conventions and flea markets. Still, 
there are those who take pride in con- 
structing an open-wire line of parallel 
No. 14 wire supported by plastic hair 
curlers or 35-mm film can lids. 

open-wire lines 
Figure 1A shows the evolution of a 

single-wire antenna (or feeder for an 
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fig. 1. Single versus balanced wire line. 
A single wire, used as a feeder, radiates 
energy the same way as an antenna. 
Another parallel wire completes a circuit 
with current f low going in the opposite 
direction. The opposing electromagnetic 
fields cancel each other, so that almost 
no radiation takes place. Thus. the ener- 
gy is conducted to the antenna to be 
radiated. 



P A R A L L E L  C l e E  L I N E  

fig. 2. The impedance of open-line 
(parallel wire) transmission line is deter- 
mined by the center-to-center spacing of 
the wires and its diameter. Any materi- 
al between the wires other than air will 
lower the impedance. 

COAXIAL  L I N E  I 

fig. 3. Coaxial cable impedance is deter- 
mined by the diameter of the center con- 
ductor, the inside diameter of the outer 
conductor, and the distance and dielec- 
tric between them. 

end-fed long wire) into a parallel-wire 
transmission line (fig. I B ) .  The line 
works because the fields from instan- 
taneous current f low cancel each 
other. This means that the line does 
not radiate any significant amount of 
energy from your transmitter; i t  is 
being passed along to the antenna 
where it's radiated into space well 
above wires, TV sets, and telephones. 

All transmission lines have a charac- 
teristic impedance, referred to as "Z", 
or "Zol'. This is important because all 
parts of the system must be matched, 
as discussed in last month's notebook. 
The impedance of a line is determined 
by the diameter of the wires and the 
space between them, as shown in fig. 
2. The formula given is accurate for 
wires that have mostly air between 

them - a few supporting spacers will 
not charlge the impedance enough to , 

worry about. The air between the 
wires is called the "dielectric", just as 
it is when referring to air between the 
plates of a capacitor. 

Any insulating material other than 
air, if present in large amounts, will sig- 
nificantly change the impedance of the 
line - usually to a lower value. If you 
measure the wire diameter and spac- 
ing of comrnon 300-ohm TV twin lead, 
and use the impedance formula in fig. 
2, you'll get the wrong answer. The 
manufacturer knows what the effect 
of his dielectric is, and adjusts the 
spacing of the wires accordingly. 

Two types of open-wire lines are 
450- and 300-ohm "ladder line", once 
widely used for low-loss TV reception. 
This is the lowest loss transmission line 
you can get for an Amateur hf band 
installation and requires some care 
when putting it to use. Sharp bends 
are a no-no, and it should not be closer 
than 6 or 8 inches to any metal: gutter 
pipes, eaves, aluminum siding, win- 
dow frames, or other wires. It should 

be stretched tight and supported on in- 
sulators so it will not swing in the wind 
or twist and short-circuit. 

Open-wire lines need a matching de- 
vice or transformer of some sort be- 
tween the line and the transmitter (and 
sometimes between the line and the 
antenna). For transforming from coax- 
ial cable to open-wire line, a balun is 
often used. This device gets its name 
from the operation i t  performs -- 

adapting a balanced line to  an un- 
balanced one. The function of a balun 
is merely this - i t  does not match im- 
pedances. 

There are different types of baluns: 
50-to-300 ohm, 50-to-50 ohm, and 
75-to-300 ohm are the most common. 
A typical installation might require a 
50- or 75-ohm transmitter output to be 
adapted to 300-ohm open-wire line; a 
75-to-300 ohm balun will do the job. 
Another typical use is at the center of 
a half-wave dipole for 80 meters - a 
50-to-50 ohm balun is sold for this pur- 
pose, enclosed in a weather-tight case, 
ready to  connect between the coaxial 
cable and the antenna wire. 

Table 1. Characteristics of commonly used transmission lines. 
Velocity Outside Maximum working 

Line 2, ohms factor diameter voltage (rmsl 
RG-8X 52.0 75 0.242 
RG-8/U 52.0 66 0.405 4000 
RG-81U foam 50.0 80 0.405 1500 
RG-8A/U 52.0 66 0.405 5000 
RG-9AIU 51 .O 66 0.420 4000 
RG~9B /U  50.0 66 0.420 5000 
RG-11IU 75.0 66 0.405 4000 
RG-11 I U  foam 75.0 80 0.405 1600 
RG-17A 'U 52.0 66 0.870 1 1,000 
RG 58 lU foarn 53.5 79 0.195 600 
RG-58A;U 53.5 66 0.195 1900 
RG~59;U foam 75.0 79 0.242 800 
RG-59A;U 73.0 66 0.242 2300 

Alurnini~rri 
Jacket,  foam 
(hardllnel 
1 '2 inch 50.0 8 1 0.5 2500 
7!8 ~ n c h  50.0 8 1 0.875 4500 
1.2 ~ n c h  75.0 81 0 5 2500 
7:8 ~ n c h  75.0 8 1 0.875 4000 
open wire 
TV 1 :2 inch 300 95 

1 tnctl 450 95 
300~ohri i  
twln lead 300 80 
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You can perform impedance match- 
ing with open-wire lines by using a 
matching network, like the Trans- 
match or similar circuit that accepts 
the line impedance at one input and 
the transmitter impedance at the 
other. At the antenna, matching 
methods include a quarter-wave trans- 
former (that is the mean impedance 
between the antenna and the line), 
matching stubs, hairpin loops, or a 
specially designed balun. 

coaxial lines 
The principles that apply to open- or 

parallel-wire transmission lines also 
apply, with some modifications, to 
coaxial lines. Figure 3 shows how the 
impedance of an air-dielectric coaxial 
line is determined. Keep the conduc- 
tors from touching each other (and 
maintain constant spacing), and re- 
member that the insulating material 
used for support affects the impe- 
dance. One thing that is critical with 
coaxial cable is the power level it can 
handle. The center conductor is sur- 
rounded by insulation, and any heat 
generated by current flow in the cop- 
per is trapped inside the cable. If the 
heat is great enough the insulation can 
melt or break down and create a short- 
circuit. This is usually not a problem 
at legal Novice power levels, but at 
higher levels and high SWR, RG-58 
and RG-8 cables have been known to 
burst into flame. Table 1 shows some 
important characteristics of a few 
common transmission lines, including 
the rms voltage they can withstand. 

Be wary of "bargain" transmission 
lines found at flea markets and surplus 

Invitation to 
Authors 

ham radio welcomes manu- 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid- 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 

houses. These coaxial cables can differ 
in several ways from what you might 
buy from a dealer. Only two are seri- 
ous enough to create problems: the 
amount of shielding provided by the 
outer conductor, and possible con- 
tamination of the dielectric. 

Most coaxial.cables used today are 
flexible; that is, they are constructed 
with a woven braid as the outer con- 
ductor which allows the cable to bend 
in a reasonable curve without damage. 
While it is impossible to obtain 100 per- 
cent coverage with a braid, some 
cables come very close (better than 90 
percent). It takes only a moment to re- 
move a small piece of outer jacket from 
coax and look at the amount of visible 
braid. If the weave is loose, and you 
can see a lot of dielectric peeking 
through, the cable is no bargain at any 
price. Poor coverage lets rf "leak" out 
and noise leak in. The impedance is 
not likely to be constant, and losses 
will be greater than with good cable. 
Cables with double braid covering can 
sometimes be found, and these are ex- 
cellent, although you may have 
trouble getting both braids to fit into 
a connector. 

Another "gotcha" is contamination 
of the dielectric. Moisture and gases 
can be absorbed by almost any plas- 
tic, and the dielectric material itself can 
change chemically because of sunlight 
and heat. This changes the character- 
istic impedance of the line, increases 
loss, and may lead to heating and 
breakdown of the line at higher pow- 
er levels. Some cables resist contami- 
nation, and are worth looking for if you 
live in a particularly hot, damp, or 
smoggy area. Some can even be left 
lying on the ground or buried without 
danger of contamination, but should 
be tested for losses every year or 
so. Decibel Products VB-8 and Times 
Wire and Cable Company lmpervion 
are two. 

"2252 Paxson Lane, Arcadla, Californ~a 91006 8537. 

other impedance 
The cable television industry uses 75 

ohms as its standard for cable and am- 
plifier termination. Surplus cable, often 

hundreds of feet in length, appears at 
flea markets and surplus houses at 
tempting prices. Can you use it? Ab- 
solutely. Your transmitter (and re- 
ceiver) will probably not know the 
difference. Antennas have to be cou- 
pled to the transmission line anyway, 
so just match it to 75 ohms instead 
of 50. 

The rub is that since most power1 
SWR meters are made for 50-ohm 
cable, their indications will not be 
strictly accurate. They're useful, but 
you can't be sure that what you see 
is what's really happening. If the price 
is right, use the cable and take the in- 
dicated SWR and power readings with 
some skepticism. I'll discuss ways of 
dealing with this in a future column. 

repeater follow-up 
I received a letter from Tom O'Hara, 

WGORG, with information about 
1200-MHz repeaters and equipment. 
He notes that there are six ATV (Ama- 
teur TV) repeaters in Southern Califor- 
nia, with 70-cm inputs and 23-cm out- 
puts. The ATV simplex frequency is 
1289.25 MHz. PC Electronics," oper- 
ated by Tom and Maryann, expects to 
have a 23-cm ATV transmitter board 
ready for the Dayton Hamvention this 
spring. Tom enclosed a list of 23-cm 
fm repeaters for that part of the coun- 
try; it shows over 35 repeaters, start- 
ing at 1270.1 (input) with the output 
12 MHz higher at 1282.1. 

According to a technical note Tom 
included, the lcom RP1210 23-cm re- 
peater can be ordered from dealers on 
the common 12-MHz inputloutput 
pairs, or converted to that spacing by 
a crystal change. He also suggests 
using Belden 9913 coaxial cable for 
23-cm feedline. Thanks for the sugges- 
tions Tom! 

questions and answers? 
I've had some queries about devot- 

ing a portion of each notebook to 
questions and answers. Are there 
some particularly nagging mysteries 
that this column could clear up? What 
do you think, Novices and Elmers? I'll 
be glad to hear from you. 

ham radio 
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PK-232 
PAKRATT 

<'.ASH I'KICI! 

AUTHORIZED SALES & SERVICE 
FOR 
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RELI)EN RENCHKR R & W 1)AIWA AI.INCO 
HUST1,ER K1.M I,ARSI.:N M I R A G I  K O H N  
TEI ,EX/HY-GAIN T O K Y O  HY-POWER I.AHS 
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1988 RADIO AMATEUR CALLBOOKS 
NORTH AMERCIAN EDITION $24.95 
INTERNATIONAL EDITION $26.95. 

ip lrase acid $3.50 for Sh~pplng) 

Buy Both SPECIAL JUST 46.90 
SAVE $5 

HAM RADIOS BOOKSTORE CREENVILLE. N H  03048 
16031 878-1441 s aB 

Up With Coaxial 1 
model 83500 Digital Wattmeter 
The "Generation Gap" is filled with the "new" E: 
microprocessor based R.F. AnaDiglt System. 
The EXPEDITOR Dower cornouter.. .MU make the demands. it fills 
the requirements. 

Programmable forward AND reflected .*- 
power ranges. 
Can be used with the elements you 
now have. 
Compatible with all Coaxial Dynamics 
line sizes and power ranges. 
18 scales from 100 mW to 50 kW. 

Contact us for your nearest authorized 
Coaxial Dynamics representative or 
distributor in our world-wide sales 
network. 

rn COAXIAL 

DYNAMICS, INC. 
15210 Industrial Parkway 
Cleveland. Ohio 44135 - . . . . - . . - , - . . . . . . 

216-267-2233 1-800-COAXIAL 
Telex: 98-0630 

Service and Dependability.. .A Part of Every Prodc 



No other repeaters or controllers match 
Create messages just by talking. Speak any phrasesor 

~~~k 4 in capability and features. That's words in any languages Or dialect and your Own voice 
why Mark 4 is the performance leader at is stored instantly in solid-state memory. Perfect for 
amateur and commercial repeater sites emergency warnings, club news bulletins, and DX 
around the world. Only Mark 4 gives you 
Message Masterru real speech voice alerts. Create unique ID and tail messages, and the 
readout of received signal strength, ultimate in a real speech user mailbox - only with a 
deviation, and frequency error 4- Mark 4. 
channel receiver voting clock time 
announcements and function control 7- 
helical filter receiver extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 

See us at DAYTON 
Booths 106, 107, 108 

MICRO CONTROL SPECIAL 
TELEX 4932256 Kendecom 

Division of Kendecom Inc. 

I 23 Elm Park. Groveland, MA 01834 (617) 372-3442 FAX 61 7-373-7304 1 



A : F-2jlF&-22~ 4 =v-m. . , - - - ' .C!~~ ;?f$Ga 6 I &Aq 

KIT, ONLY $675 - 

WIRED $975 
VHF OR UHF 

FEATURES: 
SENSITIVITY SECOND TO NONE1 GaAsFET fmnt end on vhf 

models glves 1266 SlNADof 0.12uV(vhf). 0.15uV(220). UHFmodel 
0.25uV std. 0.luV with optional helical resonator preamp. 
*SELECTIVITY THAT CAN'T BE BEAT1 Both 8-pole xtal filter & 
ceramlc ftlter for > 188dB at  only 12kHz. Helical resonator front 
end to combat desense & intermod. 
'CLEAN, STABLE TRANSMITTER, up to 18W output standard: 50W 
w ~ t h  accessory power arnpllfier. 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, f~eld-programmable CWID, flutter-proof squelch, 
automatic frequency control to compensate for off-frequency trans- 
mltters (all standard features). 
*Full range of optlons available, such as autopatch, phone line or 
rad~o remote control, sub-audible tones, duplexers. 

*FM EXCITERS: 
K~ ts  $99. Wlt $179. 2W 
continuous duty. TCXO & 
xtal oven options available. 
*TA51 for IOM, 6M, 2M. 
158-174.220 MHz. 
oTA451 for uhf. 
FCC tvoe acceoted for comm 
*Call ior latest ~nformatlon on 900 MHz transmitters 
WHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10 
to 50 Watts Several models, k ~ t s  startlng at $79. 

*R144R220 FM RECEIVERS for 2M, 
150-1 74. or 22,0 MHz. GaAs FET 
front end. 0.12uV sensitivity! 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > l00dBat f l2kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drift~ng transmitters. 
Kit $149. wlt $229. 
.R451 UHF FM RCVR. Similar to above. Tuned ltne front end, 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149, 
w/t $229. 
.R981 FM RCVR FOR 988 MHz. Triple-conversion. GaAs FET front 
end, 0.2uV sens. Kit $169, wlt $259. 
4776 ECONOMY VHF FM RCVR for 10M. 6M, 2M. 220. Without he1 
resor afc. Kitsonly $129. 
*Weather satellite & AM Alrcraft receivers also avail. 

FCC TYF 'E-ACCEPTE 
FOR HIGH-E 
v- -- 

D TRANSMITTERS & RECEIVERS AVAILABLE 
IAN0 AND UHF. CALL FOR DETAILS. 

LNG I(*) 
GaAs FET 
PREAMP 

ONLY $59! 
Wlrednested 

FEATURES: 
*Very Low Noise: 0.7dB VHF. 08dB UHF 

*HlghGain: 13-2068, dependtngon frequency 
-Wide Dynamic Range: to reslst overload 

-Stable: new.type dual.gateGaAs FET 

Speczly runrng range desrred 26-30. 46-56. 
137-150. 1501 72. 210 230. 400-470, or 
800 960 MHz. 

$39 wirednested 
GaAs FET Preamp 
stm~lar to LNG, except deslgned for low cost 
asmall size, Only 518'W x 1-518'L x 314'H. 
Eastly mounts In many rad~os. 

Speclly runtng range desired- 2535. 35-55. 
55.90. 90-120, 120 150. 150.200. 200.270. 
or 400.500 MHz. 

IN-LINE 
PREAMP 

ONLY $'19/ki t .  

GaAs FET Preamp with features slmtlar to LNG 
sertes, except automatically swltches out of 
line during transmit. Use wlth base or moblle 
transceivers up to 25W 

.Spec,ly runtng range desrred 120-1 75. 
200.240, or 400.500 MHz 

LOW noise preamps wlth helical resonalors 
reduce lntenod & cross-band ~nterference In 
cr~tlcal appi~cat~ons. 
MODELHRA.('). $49vhf, $84 uhf. 

. Snealy lunmng range dewred 143- 150. 150- 
158. 158-162. 162-1 74. 213233. 420.450. 
450-465.01 465-475 MHz 

you " 6 ,  w,~~tr r1 a long ttrlie for a 
slrnple, rri~able, low-cost 9600 
baud PACKET NETWORKING 
system. Now you ve got ltl Our 
new M0.96 MODEM and dlrect 
FSK Transmitters and Receivers 
for 220 or 440 MHz Interface 
dtrectly w ~ t h  most TNC's. Fast 
dlode swttched PA's output 15 
or 50W Call for complete Info 
on the r lght system for your 
appllcatlon. 

eCOR.3 Klt. ~ o n t r x k t s  and 
audlo mixers needed to make a 
repeater. Tail & time-out tlmers. 
local spkr ampi, courtesy beep 
. . . . . . . . . . . . . . . . . . . . .  $49 
-CWID Ktt. Field programmable. 

. . . . . . . .  tlmers, the works $59 
.TD-2 D T M F  DECODER1 
CONTROLLER Kit. Full 16 digtts. 
swltches 5 functions. toll call 
restrlctor. programmable, much 
more. Great for selective calling 
too! . . . . . . . . . . . . . . . . . . . .  $79 
*AP-3 AUTOPATCH Kit. Use 
w ~ t h  above for repeater auto- 
patch. Reverse patchand phone 

. . .  line remote control std. $79 
.AP-2 SIMPLEX AUTOPATCH 
TIMING BOARD Kit. Use wlth 
above for s~rnplex autopatch 
. . . . . . . . . . . . . . . . . . . . . .  $39 
. M O - 2 0 2  F S K  D A T A  
MODULATOR ,Kit. Run up to 
1200 baud d ig i ta l  signals 
through any fm transmltter with 
ful l  handshakes. Radlo l ~ n k  
computers. telemetry gear. 
etc. . . . . . . . . . . . . . . . . . .  $39 
. D E - 2 0 2  F S K  D A T A  
DEMODULATOR Klt for rcvr end 
of llnk . . . . . . . . . . . . . .  $39 

..... ....... < .  a "",. " -- %, ,2,",".,"'. .?..$".. . 
5 4 5 ,  1" 10 
11%. 1.. 1.1 

VHF 816 11II l"l0 
114 116 18 10 

MODELS s a s ~ a ~  >a30 

""F MODELS .,*.a>. 20  30 

l i t w l l h C a ~ e  169 :::::I ,,:::: 
lttlerr Care 149 -2 436 5 . ~ 4  

11925 6 1 2 5  Wlrcdwlcare 199 93s 

sn, 922 .,O-r50 

sstcatalg lor lullllnc0I2w rransrnirring 
converterr lor m l &  unl. Xirr only 179. 

Llnear AmpSIiers avail u p s  50 w 



Giant 3 day flea market Exhibits 
Ucense exams Free bus service 
CW proficiency test Door prizes 

Hamvention Video 
VHS video presentation abou t  the  HAMVENTION is 
available for loan. Contact Dick Miller, 2 8 5 3  La 
Cresta. Beavercreek, OH 45324  

Flea market tickets and  gland banquet tickets a r e  
limited. Place your reservations early. please. 1988 Deadlines 

A ward Nominations: March 1 5 

A maximum of 3 spaces per person (non-transferable). 
Tickets (valid all 3 days) will be  sold IN ADVANCE 
ONLY. N o  spaces sold a t  gate. Vendols MUST order 
registration ticket when ordering flea market spaces.  

Lodging: April 2 
License Exams: March 2 6  
Advance Registration a n d  banquet: 

USA - April 4 Canada - March 3 1 
Flea Market Space: 

Orders will not  be processed before January 1 

Information 
Qeneral Information: (5 13) 433-7720 

or, Box 2205, Dayton, OH 4540 1 
Ilea Market Information: (5 13) 898887 1 
Lodging Information: (51 3) 223-26 12 

(No Reservations By Phone) 

m!+w 
R e s e ~ a t i o n s  received after Housing Bureau room 
blocks are filled will be returned along with a list of 
hotel/motels located in the  surrounding areas  of 
Dayton. The reservation will then become the  
responsibility of t h e  individual. 

Special Awzrds 
Nominations are requested for 'Radio Amateur of the 
Year', 'Special Achievement' and  'Technical 
Achievement' awards. Contact; Hamvention Awards 
Chairman, Box 964, Dayton, OH 4540 1. 

License Exams 
Novice thru Extra exams scheduled Saturday and 
Sunday by appointment only. Send FCC form 6 1 0  
(Aug. 1 9 8 5  o r  later) - with requested elements 
indicated a t  top of form, copy of present license and 
check for $4.35 (payable to ARRL/VEC) to: Exam 
Registration, 8830 Windbluff Point, Dayton, OH 
45458 

HAMVENTION is sponsored by the Dayton Amateur Radio Associat ion Inc. 
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KENNEDY ASSOCIATES 
Stocklng al l  ma lo r  l ~ n e s  San Antonlo's 
H a m  S to re  Great Pr~ces-Great S e r v ~ c e  
Factory au tho r~zed  sales and service 
Hours  M-F 10 6, SAT 9-3 

KENWOD 
VAESU 
m-1" 

Amateur Radio Division 
5707A Mobud 

San Antonio, TX 78238 
Telephone: 512-680-6110 

I 
VISA 

1-1 

Six Function DTMF Controller 

Auto- Kall 
A K-4 

. Outputs 2 or 3 lalched 1 01 2 momentan/ 1 l~med and 1 
manually reset qroup-call latched la remote alarm 
D m l  mdl: lo1 tutnlng outpuls anloll NOT lpRll m/Dn llke 
most others' . Wronq number rwt 

4-d~gt l  acess code - can use t 1111 U down . Mull~ple group-call response . On-board 1-amp relay 

'=;I AK 4K 
I l n r d ' k l l l . .  . . . . . .  $69.95 MoTron [m] A~ 4w 
IIIICL(,ICII~ b~ la rd~  . . $89.95 Electronics , t,;,,,q,p,t. . mt.,,,t 

695 W 2lst Ave. W ~ P  wtth 81, rot81 13rks t~8~811 3" 

ELrgelle, OR 97405 w m  ctc I . .  . . . .  $139.95 
PIa$ $3 OOlhOD#nq L llnnlfllny 

Call Toll ~ r e e 1 - 8 0 0 - 3 3 8 - 9 0 5 8  or(503) 687-21 18 

HI-PERFORMANCE DIPOLES 

.. 
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W W N N  A N T E N N A S  a(l-J**-301* 
.OX 1.3 Ml. P l O S P I C l ,  11 60016 

SUBSCRIBE AND RENEW 

TOLL-FREE 
- d . Jmt-- -* 

- --a- - - -. 
%% 

Ff @: 6 , w; , .  

I 1  

:,..a;.;,, , 

ham W r  

radio magazine 

1 YR - $22.95 2YRS - $38.95 

3 YRS - $49.95 
Prices U.S. only 

MASTERCARD - 
VISA BILL ME 

Please have your charge card ready 

DATATE L 800'" 

80Om341-1 522 
Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 

IN MAINE CALL COLLECT (207) 236-2896 

OUR 800 NUMBERIS FORSUBSCRIPTION ORDERS ONLY! 

For Errors or Change of Address CALL ham radio 
direct at (603) 878-1441 8-5 EST 

7 

Reader Service CHECK-OFF Page 98 March 1988 97 



ADVERTISER'S INDEX AND READER SERVICE NUMBERS 
Listed below are the page and  reader service number fo r  each adveniser i n  this issue. For more inlormation o n  their 
products, select the appropriate reader service number make a check mark i n  The space provided. Mai l  this form to  
h a m  radio Reader Service, I.C.A.. P.O. 00x2558. Woburn. M A  01801. 

Name - Call 

Address - 

City - - S t a t e  -Z ip  

'Plea& c o n t a c t  t h i s  adver t i se r  d i rec t l y .  Please use b e f o r e  April 30. 1988. 

READER SERVICE .V 

248 Ace Cornmunlcallons Inc 

285 AdvancedCompul~r Conlrols 1°C 

213 Advanced Receover Research 

259 AEA 

235 All Eleclronlcs Corp 

257 Aluma Tower Co 

251 Am~rtcan L~ghlwave 

223 Arnldon Assoclalos 

247 AMSAT 

270 Anlennas Wesl 

252 ARRL 

254 ARRL 

231 Aslron Corp 

Barker 8 Wlll!amsorl 

Barry Eleclronccs 

21 I B~lalCornpany 

274 Buckmasler Publlshlng 

281 Buckrnasler Publlshlng . Bullernul Eleclronlcs 

Caddell Cod Corp 

Charlotle Haml~s t  and Cornpulerla!r 

289 Coa~oal DyndmlCs IOC 

C O M B  

256 Communlcatlon Concepts Inc 

219 Communlcatlons Sprclallsls 

21 5 Connecl Syslsms lnc 

267 Consol8daled Elnclrontcs 

Courage Hand, Ham Syslern 

237 CTM 

247 Cushcrall Corp 

* Daylon HamvPnllon 

264 Detect8on Dynarntcs 

2 m  Doppler Syslems 

283 Down East M!crow;lvc 

DRSI 

286 EEB 

243 EGE Inc 

EGE Inc ' 
Eng#nperlnqConsulllnq 

232 Epsilon CO 

765 Fair Radm Sales 

Falcon Comrnunlmllnns 

230 GLR Flerlrnn~cz 

768 Grove Enlerprlses 

734 GTI 

210 GTI 

250 HAL Communlcallons Corp 

226 Hall Eleclronlc4 

246 Ham Rad~oOullel 

Ham Rildlo s Bookslore 40 1 

Hamrronacs NY 

Hamtronlrs PA 

280 Husller InC 

214 ICOM Amsrlca Inc 

236 ICOM Amertca Inc 

225 IIX Equlpmenl Lld 

261 Jensen Twls  Inc 

269 Jun s Eleclronlcs 

295 Kennedy Assoclales 

Kenwood U S A Corp 

PAGE Y 

55 

86 

48 

66 

32 

62 

58 

18 

52 

18 20 80 

58 

61 

31 

98 

70 

48 

82 

86 

61 

62 

75 

93 

61 

62 

16 

I 

75 

9 

38 

43 

96 

62 

19 

86 

44 

85 

42 

86 

38 

32 

62 

58 

28 

75 

32 

48 

59 

20 

50 51 

17 58 62 72 

95 

84 

87 

CII 

35 

20 

70 

78 

97 

2 5 7 CIV 

READER SERVICE a 
253 Madison Eleelron8cs Supply 

273 Madtson Eleclron~cs Supply 

279 The Meadowlake Corp 

288 John J Mpshna JI Inc 

216 MFJ Enlarprlses 

292 Mtcrn Conlrol Specnall8ee 

233 Mldlnnd Tr*chnolog~es 

224 M~raq~Cornmun~cal!ons 

287 M~ss~onCommun~caltons 

296 M~ssourt RadloCenter 

239 Morlitn Soltware 

294 Molron E l rc l ron~c~  

777 NCG 

212 Nrmal EIxlronacs 

291 NUIS R Vnlls 

298 OPTOelecl,on~cs 

738 P C  Elecl!ontcs 

245 Pac Comm Packel Radln Syslems Inc 

249 Radlo Am~nleur Callbook 

221 The Rsdlo Connrcl8nn 

222 Radtoknl 

228 Radw Shack 

229 Radtosporllnq 

284 The Radfo Works 

260 Ramspy Eletlron~rs Inc 

275 The RF Cunn~ctron 

RF Parls 

240 S Com lnduslrlt-s 

Sherwood Enqoneeronq Inc 

266 Sommer 

SPCI Cnm 

244 Sper trum lnrernallonal 

262 Slrldsburq Enqlneevlnq CO 

158 STVlOnSdl 

276 Synlhrllc Text~lcs Inc 

290 Tel Corn 

261 Texas Radm Producls 

271 T r a n ~ v ~ r l ~ r s  Unl8mol~d 

272 Uf?adtllalAnlennasElc 

Unwrrslly M~~ro l ! lm  Inl 

282 Vanqonrd Labs 

217 VarlanElMAC 

255 VHF Comlnunccallons 

293 WqINN Antennas 

24 l WPslern Eleclronlcs 

227 Wt Comm Eleclron8cs Inc 

218 Varsu USA 

297 Yae-.u USA 

278 E H YOSt Co 

PRODUCT REVlEWlNEW PRODUCTS 

306 Benchcr Inc 

302 Enrurnm In, 

Eng~n~e# l r lq  Consulllnq 

304 Goldon We51 Radio School 

305 Heath Cafnpany 

301 Hustler Inc 

301 MFJ Enletprlsrs 

PAGE X 

61 

80 

84 

77 

8 

94 

37 

I 8  

48 

99 

40 

97 

87 

48 

94 

1W 

38 

47 

55 

32 

I8 

25 

28 

86 

89 

82 

19 77 

40 

20 

93 

55 

47 

70 

64 

82 

93 

70 

80 

80 

80 

86 

13 

67 

97 

40 

20 

15 

Clll 

84 

MODEL PT25WA LINEAR AMPLIFIER 

T h e I k r n p ~  Y N a r r  10 1 ' l j : ~ ~ A .  1 n n o r A r n p 1 ~  
1te1 5 u cony- t. lely u.11 c o n r o ! n e d  t a b l e t o o  
un~l d e s t a w n  131 con11ndo.s SSR C W  R l W .  
AM or  ATG o p e r a t i o n  I n t e n d e d  tor c o v e r a g e  
o f  a l l  a m a t e u r  b a n d s  b e t w e e n  1 8 M H z  and 
21 M H z  rt can be read l l y  m o d l f l e d  l o r  he 
q u e n c l e s  o u t s l d e  t h e  a m a t e u r  b a n d s  for 
c o m r n e r c ~ a l  o r  r n ~ l l t a t y  a p p l l c a t l o n  lwotype 
9 5 0 0 2  g b s s e n v e l o p o  h~cdesp fowdere l~ab~ l r t y  
and r a p ~ d  t u r m o n  t l m e  

FEATURES INCLUDE, 
a Full 1503  w a t t  o u t p u t  
a Pi nek& I n p u t  for r n a x l m u m  dr l ve  
a Ressur lzed D b n u m  cool~no svstem 

P( L o u t p u t  for g r e a t e r  h a r n w n l c  
a t t e n u a t l o n  

~ u g g e d l y  c o n s t w c t e d  o f  p r o v e n  devgn thls 
a r n p l ~ f l e r  ref lects t h e  rnanu foc tu re fs  c r l t l ca l  
a t t e n t l o n  t o d e l a l l s -  wch a s  thesl lver  p l a t e d  
t a n k  cot1 lor  m o x m u r n  eWlcmncy Cathode 
Zener tuse and ~nte rna l /ex te rna l  cmllng a r e  
among t h e  protective and safety d e v l c e s  
e m p l o y e d  I n p u t  and o u t p u t  I m p e d a n c e s  
a r e  50 o h m s  

D lmens lons  1 7  w~de x 1 9  deep x 8 X hlgh 
W e l g h t  80 Ibs ( s h l p p e d  In 3 c a r t o n s  t o  m e e t  

UPS reqt l l rements)  

Rice s2 1 75 DO FOB t o c t o w  P r c e  
includes one y e a r  l l m l t e d  w a r r a n t y  

Call or w l t e  I o c t o r v  for c o m p l e t e  s w l -  
f ~ c a t ~ m s  - 

MODEL VSISOOA ANTENNA COUPLER 

The R a r k ~ r  & Wl l l l omson VS15M)A a n t e n n a  
c o u p l e r  IS d e s u n e d  t o  m a t c h  vlrtualtv a n y  
recplver  t ransmlt ter  o r  t r a n r e l v e r  In t h e  160  
t o  10 m e t e r  r a n g e  (I 8 t o  30 MHz) w t h  up t o  
1503  w a t t s  RF p o w e r  t o  a l m o s t  a n y  a n t e n n a  
~nclud~ng dipoles Inverted vees  v e r t ~ c a l s  
m o b l l e  w t t lps  b e a m s  r a n d o m  wlrec and 
others  f e d  by  c o a x  cable balanced lhnes OT 
a slngle w l r e  A 1 4  balun is bu i l t  In for 
c a n n e c t l o n  t o  balanced lines 
FEANRES INCLUDE 

S ~ r ~ e s  p o i a l l e l  c a p o c l t o r  connection 
lor  g rea te r  h o r m o n l c  a t t e n u a t l m  
lmc ! rcu l l  w a t t m e t e r  for c o n t l n u o u s  
m o n ~ t o n n g  

a Vernter t u n i n g  tor e a s y  o d l u s t m e n t  

Front pone1 s w l t c h l n g  a l lows  r a p i d  se lec t ion  
o f  an tennas .  o r  t o  an ex te rna l  d u m m y  Iwd. 
OT Dermlts bypassing t h e  tuner 

D ~ m c n s ~ o n  (Approx  ) 1 1 w l d e  x I 3  deep 
x 6 hkgh 

W e l a h t  6% Ibs 

R~ce S499.w FC)R~aclory Fu l t ywananted  
lor  o n e  y e a r  
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TS440S ,-DX.CITING- 

100% ~ u t y  Cycle 
100 Memories 
Direct Keyboard Entry 
Optional Built-in AT 

On Sale Now. Call for Price! 

Add Optlonal6m. 2m & 
70cm Modules 
Dual VFO's 
Full CW Break-in 
Lots More Features 

IC.761 NEWEST HF SUPER RIG 

.* 160-IOMIGeneral Coverage 
Receiver 
Built-in Powersupply and 
Automatic AntennaTuner 
SSB, CW. FM. AM. RTTY 
QSK to60WPM 

ALD.24T DUAL BAND MOBILE . 140.149.995 MHz1 440.450 MHz 
25 Watts on Both Bands 
Crossband Full Duplex 
21 Memory Channels 
CTCSS EncoderlDecoder. 
Standard 

- 
YAES, 

C -9 -"-. - -  2m and 220 MHz Arnpl~f~ers 
Z 9. #l# ::-=,,a2 - .. i*? * : . Prctect~on 

GaAsFET Rece~ve Pre-Amps 
and H ~ p h  SWR Shutdown 

e, 
FT-736R VHF-UHF BASESTATION 144MHr S 

SSB, CW. FM on 2 Meters lC-735 COMPACT HF TRANSCEIVER MODEL A 
All HF BandlGeneral 2.23 2 in130 oul L and 70 cm 

Dx'tng! . Optional 50 MHz, 220 MHz or 2.217 2 inf170oul E Coverage Receiver 
12 MemorieslFrequency and 

2-117 lOln11700ul . HF Transceiver With 1.2 GHz 
General Coverage Recelver 25 WattsOutput on 2 Meters. Mode 

220 MHz 
3.22 2 8njZO oul 

All HF Amateur Bands 220 and 70 cm USE. LSB. AM. FM. CW I 
2.211 2lnrllOoul C 

100 W Output . 10 Watts Output on 6 Meters 100 Watts Output 3.312 301n1120oul E 
Compact. Lotsof Features and 1.2GHz 100 Memories Includes HM-12Scanning Mic CALL 0 

ASTRON 

IC-900 SIX BANDS IN ONE MOBILE 

TM-221A RS7A . . . $48 RS35M. ,5140 . RS12A . . . $68 VS35M. ,5185 
Speaker. Mic and Cables RS2OA . . . $88 RS50A.. $189 
Six Band Units to Choose RS2OM . .$I05 RS5OM. .5215 
10 Memories Per Band 
Programmable Band Scan 

VS2OM . ,5125 RM50A. ,5219 

440 MHz Fiber Optic Technology RS35A . . $133 VS5OM . . $229 

TH-25AT 
POCKET.SIZED 

AND POWERFUL 
Frequency Cover- 
age: 141-163 MHz 
(Rx). 144-148 MHz 
CCX) 
Front Panel DTMF 
Pad 
5 Watts Output 
14 Memories 
TH-45AT Available 
for 440 MHz 

. Super "Mlni" 

Z~nc.Aluminum 

10 Memories 
140.164 MHz. 
440.450 MHz 

MICRO HT'S 
FORZM, 440 

Pocket Size HT Fun 
Ten Memories 
LCD Readout 
Wideband Coverage 
Up to3 Watts Outpul 

. . . - . . . . . . . . . Morse. Baudot. ASCII. AMTOR I 
and Packet 
Operates VHF and HF 
YOU Need Only Your Transceiver I and a Commodore64or 128 

SPECIAL! FINAL CLEARANCE1 
- .  .- -- 

95 Limited Supply I - 



OPTOelectronies ine 
. - 

FREQUENCY I 

8 LED DIGITS 2 GATE TIMES 
ANODIZED ALUMINUM CABINET 

INTERNAL NI-CAD BATTERIES INCLUDED 
PTER/CHARGER INCLUDED 

EXCELLENT SENSIT1 W 
& ACCURACY 

AC-DC PORTABLE 
OPERATION 

#AC-1200 
AC ADAPTER 

CHARGER I 

- POCKET SIZE 1 

Small enough to  fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz. 8 digit frequency counters are not toysl 
They can actually out perform units many times their size and price1 Included are rechargeable Ni-Cad batteries 
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC 
adapter/charger supplied with the unit. 

The excellent sensitivity of the l2OOH makes it ideal for use with the telescoping RF pick-up antenna; 
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police, 
firefighters, Ham, taxi, car telephone, aircraft. marine, etc. May be used for counter surveillance, locating hidden 
"bug" transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe 
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit- 
ters. signal generators and other devices to accurately monitor frequency. 

The size, price and performance of these new instruments make them indispensible for technicians, engineers, 
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others. / 

SIZE:4"Hx3.5" W x 1 " D  
MADE IN USA 

STOCK NO: 

#12OOHKC Model 1200H in kit form, 1-1200 MHz counter complete including 
all parts, cabinet, Ni-Cad batteries. AC adapter-battery charger and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .$ 99.95 fl. 

#IZOOHC Model 1200H factory assembled 1-1200 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  charger 1137.50 

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and 
calibrated, complete including Ni-Cad batteries and AC adapter/battery 
charger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S l S  0.00 

ACCESSORIES: 
. . . . . . . . . . . . . .  #TA-100s Telescoping RF pick-up antenna with BNC connector $12.00 

. . . . . . . . . . . . . . . . .  #P-100 Probe, direct connection 50 ohm, BNC connector 118.00 

#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and 
accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $10.00 

1/ 298 
ORDER FACTORY DIRECT 

7 
FLA (305) 771-2050 1-800-327-5912 Y 

OPTOeIKtmnicr ine I I 
5821 N.E. 14th Avenue Orders to US and Canada add 5% of total ($2 min., 510 max] 

Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee $2. 

1 COUNTERS 
TO 1.3 GHZ 



"They said I couldn't work 
DX with just 100 wat,ts. Espe- 
cially with a radio [,hat. has 
less than 1000 switches on the 
front. panel. 

Rut. t.hr trut,h is, I'm working 
lots of DX, more than some c ~ f  
these blockbuster types, t.hanks 
to my Yaesrr FT-74i'GX. 

Yorr see, my no-nonsense 
FT'i;17GX was designed with 
me in mind, so I car1 hop around 
the band f& to nail those DX 
stations. \\,'bile t.he other guys are 
warming 111) their amplifiers, I'm 
working t,he new count.ry! 

My FT-i4i'GX has a super 
receiver, wit,h a directly-driven 
mixt3r for great ovc?rload pro- 
tection. And, Yaesu included t,he 
CW filter in t,hc purchase price 

(I used the m o n q  I saved on post- 
age for the QSL cards!). 

And my FTi47GX is loaded 
with other featrrres.The receiver 
works from 100 kHz straight 
through to 30 MHz, and ~t's a 
fantastic shortnave broadcast 
receiver. I can use all twenty 
m~mories for that alone! Plus it's 
got dual L'FOs. 11 n o w  blanker. 
Split frequency operation for the 
prle-ups. And scanning up the 
hand l i~ lps  me check out open- 
ings as they happen. 

Ijust put in the optional 
crystal oven, and next month I'm 
going tn pick up the FM hoard. 
I can't w a ~ t  to tell my huddies I 
worked England on a repcater! 

And w ~ t  11 t he money I saved 
when I bought my FTi'47GX, I got 

;i second ten mctcr ;lnttlnna for 
satellite work on the h~gh end of 
the hand. I use my personal corn 
puter to tell me nhal  satcllrtes are 
going hx and the cnmput~r  evrn 
sets the frec~uencirs on the radio 
for me. 

Now my frielids art> gtlt t ing 
FTi4'icX rigs, too. I kntw t hryii 
figure out nly srcsret \vcapon 
sooner or la t~r .  Hut now I'm alt- 
t ing the pace! 

Thanks, Yaesu. Ynu'vr rnadr a 
rig that makes sc)nsr:' 

bb They laughed when they saw my radio. 
f l  297 Then they saw my logbook" 

, , , , 
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Competition class 
HF transceiver 
TS-940s-the standard of 
performance by which al l  
other transceivers are judged. 
Pushing the state-of-the-art 
in  HF transceiver design and 
construction, no one has been 
able to  match theTS-940s in 
performance, value and reli- 
ability.The product reviews 
glow with superlatives, and 
the field-proven performance 
shows that theTS-940s is 
"The Number One Rated HF 
Transceiver!" 

l i t0 duty  cycle transmitter 
k\,,~two, , ( I  ~)IY:I~II'\ lr;ttl~~rll~l i l ~ l l y  
c 1,. time. Ttic IS 940S I?, 911;ir 
,~ I I I I~~F~~I  10 (,)[>c$r;llr ;I! loll riciwc3r 
1 , ~ ~ ~ 1 ) ~ ~ 1  lor prrtoiI\ exceeding 
one hour. (14 350 MtI/.Ci;J, 110 
w::lts I L'I-rfrrl for R I TY. SSTV. 
i t 1 1  lr~Ilic!r l f ~ n g ~ ~ l ~ ~ r n l ~ c ~ r ~  rn1~11i:s 
First with a full one-year 
limited warranty. 
Extremely stable phase lock- 
ed loop (PLL) VFO. H i ~ l ~ ~ t ~ ~ n c r ~  
I11~11ct1~nr;y :t~.~:t~r:~cy IS ti1i~~t511tt!rl 
~ r i  parts per  million! 

1. C'W v t i t  
, -,. 
... ' aava 

- ', .lpn.t, 

segn.1 lnlMwong ccw) ,I I i hkk: 
. . .. . . . - 

CW VET 

I F  o # q n a l o m l r u m  

AF tune operation 
.The AF lull! Iur,c :, ', 8-aucer 

(nte~termu rtqn.li; and rrnmte rime 

.Th~r tuncl8on ihuulrl oniy be u5M1 
duranq cperallnr I? the CW mod* 

HI-Cut 
SLOPE p +SLOPE 

TUNE,-----. TUNE I I 
MMnO 

', ICWI 

SSR SLOPE TUNE 

4. Intmlwngumd 
Hohhllllw ; (CWI I 

;~ , r . l~ , l l . l~~  ,311 i : . , ' , , '  , I 1 7  . ;  

lrnnscelver wltll qeneral 
coverage recetver. H$.i t,rvrr 
~:ijvf*rs 1!>!1 kH7 30 PJH/ All 
nir)des t)olll~ln AM. Fh'I.CW FSK. 
I.SR. USB 
Superb, human engineered 
front panel layout for the 
DX-minded or contesting 
ham. L;~r!jr fluorc~scenl lut)r 
r i i ; ~ r f i  rl~?r~l;iy w11h r l~n in i f~ f ,  d t r f ~ t  
kryhnnrr! lnplrl nl Ireq~tc?nr:y. 
Ilywtieel lypr ninln lunlng knoll 
w~lh o[it~c;tl rnrorlcr mr~ctinnl~nl 
;tII conj1)rnn lo m;lkc the TS-940s 
,,2 1ov In n1i~r ; i t~ 
One-touch frequency check 
(T-F SET) durlnq split 
operations. 
Unique LCD sub display indi- 
cates VFO. graphic indication 

anlP l r ~ r ~ ~ ~ t ~ t t ? a ~ t ~ v r l t ~ ~ l h ~ l w ~ ~ l ~ l h ~ ~ ~ ~ l  xhalplv aIIenuaIes # n t ~ ! l ~ r  nq hqnatr by ar ! l t c t f t . ~  l<,lc h 141 ,ltlP~.~'llllr 1 ltr' 
CW tlemnd.latot and Int*a..d~o am" t w r  Dt l t  mULn as  d0"B Axshown  PIP tnrlntpttpllnq I .,,. ,,<,t ,,+, 11 r t  w lwtao f .  AGC 

1) CWVariable Bandwidth Tuning.Vary the 3)SSBStopeluning.O~1ctal1ngtnthelSBand 
passhand w~d th  cuttt~t~~~a~sly In thr CW fSK. USE modes t h ~ s  Iron1 panel control al lows 
and AM modes wtlhout allectrng the center t n d e p e n d e n t . c o n t ~ n u ~ ~ ~ t s l y v a r ~ a h l e a d ~ u s t .  
l r e q u ~ n c y  This e l lec l~vc . l y  nlrntmizes ORM m~nlolthehlghorlowtrequencyslopesolthe 
ltotn nearby SSB an11 CW slqnals Ir passband The LCD stth display ~ l lus t ra les  

2)AFTune.~nahledw~ththept1sholabt t t ton.  Ihe llltertng posltton 
t h ~ a  CW tnterletence lluhle~ Inserts a lun- 4) IF Notch Filter. The tunable notch flller 

O f  and 'lope tuning, 
and time. 
Simple One step mode c h a w -  
Inq wlth CW announcement. . Other vital operating func- 
lions. Sclt!r:l;tlrlr p n i l  or lkrli 
hrcx;tk Ill CW tC)SK). RITIXIT. ail 

Optlonal accessories: I rv'.l;:l t is . ,  ~ii;tI>r MC 43s UPI[)OWP.I Ii:~ntl 
/ \ I  0.1!1 11111 !;tn[l~, 11hO 10tiil ,c~tIt~tl~;tlt~ r r r l r  hlC t i ( ) / . ,  hlC 80. MC A5 rlcirlxrb 11:lsc. 

,1n1$ rin;i lo~ir,r SFJ Ll.lil r~ylrrn;il !~~JI~;IAI,~ \l:iI11i11 1 i 1 1 i  'I L'C 1A (ttion~' [t;~trt i  11.-47?A 
wttti ;~~IIIIIC l t l l i ~ ~ ~ r t ~ l  Yc; .lr~!>(? I if~l)!) t l / l ,  Itf)f,,~r ; i r~ t~~I r l~ r~ f  !iM ?1;111on ni,~rl~l i>~ 

I ~ l l ~ ~ r ~ . ,  YK RA4~1 ((5 kt I/I AM 11llf-r VS 1 VIIII r *  SWR . ~ r t t l  11ow-r trlr!lt!rs I f  737CIlF -1013 

KENWOOD 
Y(; .lI>!,CN-1 i?F>O tI/).YK RIIC 11500 1 1 1 1  CW RS A [mrl 111- [rl;~y SW 700A;inrl SW ?Oil0 KENWOOD U.S.A. CORPORATlON 

7?01 I LJrim~riguf?;r St.. Long tIr,ach. CA 90R10 
~ I I  SO 1 l t ~ ~ ~ i r ~ l ~ ~ t ~ - t t r ~ ~ r t ; ~ l t ~ l  I ot~tl t~rlr~r ~ntc'tl,trc PO Box 7?/45 L~nng Bi- ;~cl~ CA 90801-5145 
, .; ,.I, .,.'.. .. . ,. , . , I  :'. ,. I l l , "  ' I  i P , r , ,  . ,  ; , . , , ' , , .  

; ,  . (., .. I. ,,..I. / I , , : _ !  . ,,. ,!,,, . ,  , ,  ;, , J , , ,  . .,, ,,,. . , . , :  , , > , A  

Inq CW OSOs  t h ~ s  control {.an b~ used l o  stgnal IS reduced. whlle the des l ted stqnal 
t e ~ l u c e  l t t ler ler lng slqnals and nlt lse, and remalns unaflected The notch tllter works In 
peaks  auullu trequency ~ e s l l o n s e  lo r  optimum all modes except FM 
CW perlnrmance 

C\t$va,lntllc pllch contml, speech 
jlrr,r~,,ssor, RF power oulptlt 
i:nnlrol. [rrogr;inini:thlr! b;tnd 
.;c:nri or 40 c.li;tnnrl memory scan. 
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